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PREFACE 


The  Department  of  Interior  has  nearly  completed  negotiations  with  Bethlehem  Steel  Corporation 
to  acquire  property  that  contains  various  historic  sites  and  artifacts.  Among  the  historic  sites  is 
Staple  Bend  Tunnel,  Allegheny  Portage  Railroad  National  Historic  Site,  located  in  Cambria 
County,  Pennsylvania.  Sellards  &  Grigg,  Inc.,  and  it's  team  were  retained  by  the  National  Park 
Service  to  evaluate  Staple  Bend  Tunnel.  The  specific  focus  of  the  evaluation  is  what  would  be 
needed  to  be  able  to  open  Staple  Bend  Tunnel  to  the  general  public  as  a  resource  with  histori- 
cal importance. 

The  Sellards  &  Grigg,  Inc.,  team  included: 

Sellards  &  Grigg,  Inc.,  Lakewood,  Colorado  Civil/Structural 

GEI  Consultants,  Inc.,  Winchester,  Mass.  Geotechnical 

Semple  Brown  Roberts,  P.C,  Denver,  Colorado  Historical  Architect 

The  EADS  Group,  Altoona,  Pennsylvania  Surveyors 

The  National  Park  Service  has  had  others  prepare  specific  reports  related  to  other  aspects  of 
Staple  Bend  Tunnel.  These  include  a  historical  documentation  of  the  tunnel  also  entitled  "His- 
toric Structure  Report,  July,  1990,  prepared  by  A.  Berle  Clemenson,  historian  for  the  National 
Park  Service,  and  a  Management  Report  entitled,  "Archeological  Monitoring  of  Geotechnical 
Tests  at  Staple  Bend  Tunnel",  February,  1991,  prepared  by  the  firm  of  Louis  Berger  &  Associ- 
ates, Inc.,  East  Orange,  New  Jersey.  These  documents  are  included  in  this  final  Historic  Struc- 
ture Report  as  Attachments  I  and  III,  respectively. 

Sellards  &  Grigg,  Inc.,  wants  to  thank  all  those  who  have  made  a  contribution  to  this  report. 


Thomas  A.  Young,  P.E. 

Project  Manager  for  Sellards  &  Grigg,  Inc. 

Pennsylvania  License  No.  PE-040262-R 
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EXECUTIVE  SUMMARY 

1.  The  tunnel  is  generally  sound  from  a  geological  and  structural  viewpoint  and  can  be 
accessible  for  visitation  after  corrective  action  is  completed. 

2.  The  concrete  lining  at  the  east  portal  provides  structural  support  for  the  deformed  east 
stone  arch  and  should  remain. 

3.  The  east  entry  had  a  stone  entry  facade  similar  to  (if  not  exactly  like)  the  historic  west 
facade. 

4.  Poor  drainage  and  extensive  vegetation  are  the  main  causes  of  deterioration  to  the 
tunnel  and  entries  and  must  be  addressed. 

5.  Historic  stone  retaining  walls  must  be  stabilized  and  enlarged  and  new  retaining  walls 
must  be  added  to  control  erosion  and  structural  stability. 

6.  A  new  retaining  wall  should  be  installed  at  and  around  the  east  entry  arch  to  stabilize  the 
historic  arch  and  surrounding  grade. 

7.  Solid  infill  panels  or  doors  should  be  provided  at  each  entry  to  weatherize  the  tunnel 
during  periods  of  cold  weather. 

8.  The  stone  lining  is  generally  stable  and  needs  only  repointing. 

9.  The  rock  lining  must  be  reviewed  for  loose,  unstable  material  and  be  either  removed, 
anchored  in  place  or  supported. 
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I.  ADMINISTRATIVE  DATA 

A.  Administrative  Bacl<ground 

The  Staple  Bend  Tunnel  is  a  remote  unit  administered  by  Allegheny  Portage 
National  Historic  Site  in  accordance  with  a  cooperative  agreement  with  Bethlehem  Steel.  Staple 
Bend  Tunnel  is  presently  owned  by  the  Bethlehem  Steel  Corporation.  National  Park  Service 
ownership  is  presently  being  negotiated. 

The  Draft  General  Management  and  Development  Plan  (January  1977)  indicated 
several  concerns  about  the  site;  extensive  strip  mining  in  the  area  may  have  damaged  the 
environment;  Japanese  Bamboo,  planted  by  Bethlehem  Steel  to  reclaim  damaged  areas,  is 
growing  rampantly,  and  the  Staple  Bend  unit  faces  the  Cambria  slag  dump.  Despite  these 
concerns,  the  General  Management  Plan  supported  the  idea  that  the  Park  Service  should 
acquire  the  site.  Primary  interpretive  emphasis  would  be  the  tunnel's  significance  in  develop- 
ment of  the  nations  railroads.  Secondary  emphasis  would  be  its  role  as  part  of  the  Pennsylva- 
nia Canal.  The  General  Management  Plan  recommended  that  a  "Third  part  deed  rights-of-way" 
for  the  trace  of  the  railroad  be  acquired  so  historic  scene  restoration  can  be  accomplished. 

Access  to  and  tours  through  the  tunnel  were  not  discussed  in  the  GMP  nor  was 
the  extent  of  restoration. 

The  Staple  Bend  Tunnel  is  not  included  in  the  List  of  Classified  Structures  at  this 
time  and  has  not  been  nominated  yet  for  National  Register  Status.  Nomination  to  the  National 
Register  of  Historic  Places  is  being  coordinated  with  the  State  Historic  Preservation  Office  and 
will  be  withheld  until  National  Park  Service  ownership  is  secured. 

B.  Proposed  Use 

The  actual  use  has  not  been  determined  at  this  time;  however,  the  proposed  use  is 
to  be  as  an  interpretive  tool  complimentary  to  the  Visitor  Center  presentation.  Access  for  visita- 
tion will  be  limited  and  possibly  restricted  to  guided  tours. 

The  tunnel  will  be  closed  to  access  and  viewing  inside  the  tunnel  during  the  off 
season.  (Season  to  be  determined  by  the  Park  Superintendent.) 

The  tunnel  will  be  accessible,  but  protected  by  a  restrictive  gate,  during  the 
summer.  The  gate  shall  be  open  to  allow  viewing,  but  restrictive  enough  to  prevent  access  for 
both  humans  and  wildlife. 


II.  HISTORICAL  BACKGROUND 

The  Allegheny  Portage  Railroad  was  constructed  between  1831  and  1834  as  part  of  a 
394-mile  transportation  route  between  Philadelphia  and  Pittsburgh,  Pennsylvania.  In  1824,  the 
Pennsylvania  State  Legislature  enacted  a  mainline  canal  bill  that  authorized  a  Board  of  Canal 
Commissioners  to  design  and  construct  canal  systems  across  the  state  (Clemenson  1990:2). 
The  36-mile  railroad  section  was  established  to  traverse  the  Allegheny  Mountains  in  western 
Pennsylvania,  thereby  connecting  canal  systems  that  terminated  in  Johnstown  and  Hollidays- 
burg. 

Staple  Bend  Tunnel,  located  at  a  bend  in  the  Little  Conemaugh  River  immediately  north 
of  the  head  of  Plane  1 ,  was  the  first  railroad  tunnel  to  operate  in  the  United  States.  Excavated 
through  a  901 -foot  section  of  a  promontory,  the  tunnel  was  completed  following  the  removal  of 
14,900  cubic  yards  of  bedrock.  The  total  cost  of  tunnel  construction  amounted  to  $37,498.85. 

The  Principal  Engineer  for  the  Allegheny  Portage  Railroad,  Sylvester  Welch,  located  the 
proposed  tunnel  at  the  Staple  Bend  of  the  Little  Conemaugh  River  and  assigned  it  to  Section  7: 

"The  tunnel  is  to  be  900  feet  long.  Its  transverse  section  to  equal  a  prism  1 6  x  20 
feet.  The  width  at  the  bottom  to  be  20  feet.  At  the  ends  of  the  tunnel,  some  masonry  will  be 
required,  but  appearances  indicate  that  the  rock  is  sufficiently  hard  and  strong  within  not  to 
require  arching."  (Clemenson  1990:5) 

The  form  of  the  roof  or  top  of  the  vault  will  be  determined  by  the  character  of  the  rock. 
The  hill  at  the  summit  is  1 95.77  feet  above  the  floor  of  the  tunnel  or  grade  of  the  road. 

The  contract  to  construction  Section  7  was  awarded  to  J  and  E  Appleton  on  25  May 
1831.  Tunnel  excavation  was  completed  in  April  1833.  The  tunnel,  with  entry  facades,  was 
completed  in  June  1833. 

The  Portage  Railroad  opened  in  April  1834  and  operated  until  Staple  Bend  Tunnel  was 
abandoned  in  December  1852. 

In  1837,  a  lead  pipe  was  laid  through  the  tunnel  to  carry  water.  (Clemenson  1990:8) 

Staple  Bend  Tunnel  was  sold  to  the  Pennsylvania  Railroad  on  25  June  1857.  The  rails 
were  removed  in  1858  and  the  tunnel  was  abandoned. 

The  American  Pipe  Line  Company  ran  a  water  pipe  through  the  tunnel  around  the  turn  of 
the  century  and  sealed  each  entrance  with  a  concrete  wall.  In  1951,  the  Bethlehem  Steel 
Corporation  laid  a  water  pipe  through  the  tunnel  and  modified  the  entry  infill.  At  some  point,  a 
concrete  lining  was  placed  inside  the  stone  arch  to  stabilize  the  East  Portal.  This  may  have 
occurred  in  1 951 ,  but  cannot  be  verified. 

The  Staple  Bend  Tunnel  is  presently  closed  off  and  used  only  as  a  water  line  easement 
for  Bethlehem  Steel  Corporation. 


III.         STATEMENT  OF  SIGNIFICANCE 

The  Staple  Bend  Tunnel  represents  a  transportation  and  engineering  accomplishment 
during  the  infancy  of  America's  railroad  development.  The  Staple  Bend  Tunnel  is  nationally 
significant  as  the  first  railroad  tunnel  in  the  United  States.  The  tunnel  is  significant  also  due  to 
the  engineering  skill  displayed  in  the  construction  and  design;  it  was  only  the  third  tunnel  to  be 
built  in  the  United  States. 

Architecturally,  the  ornate  entry  portals  were  well  designed  and  constructed.  The 
handsomely  cut,  carved  and  tooled  masonry  represents  an  excellent  example  of  early  industrial 
architecture  and  craftsmanship. 

Limited  archeological  investigation  has  occurred  at  the  tunnel  entries  and  inside  the 
tunnel,  it  appears  that  archeological  significance  may  be  limited  due  to  the  amount  of  disturb- 
ance caused  by  previous  water  line  construction. 

The  historic  period  is  from  1833-1852,  the  period  of  actual  use  by  the  Allegheny  Portage 
Railroad. 


IV.         ARCHITECTURAL  DATA  SECTION 

A.      Existing  Conditions 

The  Staple  Bend  Tunnel  consists  of  three  distinct  elements:  1)  the  exposed  rock 
tunnel;  2)  the  dressed  stone  arch  lining;  and  3)  the  tooled  stone  entry  facade.  (See  figure  1 .) 

The  exposed  rock  tunnel  was  laboriously  constructed  through  the  rock  strata  by  a 
combination  of  hand  drilling  and  explosives.  The  rock  is  exposed  in  the  middle  600  foot  portion 
of  the  tunnel.  The  physical  characteristics  and  geotechnical  information  of  the  rock  formation 
and  exposed  rock  are  discussed  in  Attachment  II. 

The  stone  arch  lining,  150  feet  long  at  each  end  of  the  tunnel,  provided  a  structural 
transition  from  the  tunnel  entry  points  to  stable  rock. 

The  tooled  stone  entry  facade  served  as  a  retaining  wall  for  the  earthen  cover  of 
the  stone  lining,  as  well  as  a  stately  architectural  portal. 

Together  with  dry  laid  stone  retaining  walls,  which  prevented  erosion  of  the  tunnel 
cover  and  retained  existing  slopes,  me  tunnel  created  a  finely  detailed  entrance,  set  comfortably 
into  the  Allegheny  hillside. 

1.     Stone  Arch  Lining 

The  stone  lining  is  a  transitional  structural  element  which  extends  inside  the 
tunnel  150  feet  from  the  entry  portals  to  the  exposed  stable  rock.  The  stone  arch  is  visible  from 
the  exterior  of  the  entry  and  created  the  horseshoe  shape  of  the  tunnel  lining.  The  stone  arch  is 
integral  with  the  historic  entry  facade,  but  has  structural  capability  of  its  own.  The  stone  arch 
creates  the  tunnel  support  of  the  earth  above  until  the  natural  rock  formation  provides  structural 
support. 

The  arch  is  comprised  of  cut,  beveled  stones.  The  stones  at  the  entry  are  of 
two  basic  lengths  in  order  to  begin  masonry  quoining.  The  individual  stones  are  categorized  in 
three  basic  shapes  (See  figure  2): 

1 .  Trapezoidal  shapes  (voussiors) 

2.  Rectangular  shapes  (at  base) 

3.  Flared  shapes  at  bottom  of  arch 

All  stones  are  detailed  with  bevel  edges  and  tooled  on  the  bevels  and  front 
faces.  (See  figure  3.) 

The  arch  stones  appear  to  have  been  set  with  mortar,  although  the  exterior 
joints  are  very  narrow  (1/8"i).  Mortar  does  exist  at  many  joints,  both  in  the  exterior  face  of  the 
arch  and  at  the  joints  inside  the  tunnel.  Some  joints  have  a  hard,  cementitious  mortar;  some 
joints  are  virtually  all  sand  (probably  due  to  the  constant  wet  conditions  of  the  tunnel);  many 
joints  have  no  mortar  visible  at  all.  (This  is  true  for  many  stones  overhead  as  well.) 

The  stone  arch  is  not  tight  to  the  inside  rock  face  at  the  inside  terminus  of  the 
arch.  Therefore,  there  is  a  void  space  of  unknown  size  between  the  arch  stones  and  inside  rock 
face.  Rubble  stones  were  visible  at  several  locations  where  keystones  are  missing.  However,  it 
is  not  known  if  void  spaces  were  filled  with  rubble  or  if  loose  rock  has  sloughed  from  the  stone 
face  above. 

The  stones  are  dense  and  sound,  and  all  appear  to  be  in  good  condition  and 
capable  of  providing  structural  support.  There  is  little  or  no  evidence  of  cracking  or  deterioration 
due  to  effects  of  climate  or  loading. 
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The  size  of  the  stones  vary,  but  are  generally  10"  to  12"  thick,  21"  wide  and  up 
to  3'-5"  long.  The  weight  of  individual  stones  (using  165  lbs.  per  cubic  foot)  would  be  approxi- 
mately 1000  lbs.  each.  Typical  interior  joints  are  1/2"±. 

Water  weeps  through  the  rock  tunnel  and  collects  in  the  joints  of  the  stone 
lining.  Water  was  observed  on  several  occasions  to  be  dripping  through  the  stone  joints.  The 
stones  and  mortar  are  in  a  constant  damp  condition.  The  moisture  has  caused  the  loss  of 
mortar  in  many  joints  and  deteriorated  the  mortar  in  many  other  areas.  The  source  of  water  is 
probably  not  controllable,  as  is  the  build  up  of  moisture  above  and  within  the  stone  lining  joints. 

The  coursing  of  the  stone  lining,  visible  at  both  tunnel  entries,  is  uniform  in 
width  until  a  point  well  within  the  tunnel.  At  this  point,  six  6"  wide  tapered  stones  were  placed  to 
complete  the  aggregate  "keystone".  This  detail  is  visible  at  the  stone  lining  termination  inside 
the  tunnel. 

2.  East  Stone  Lining 

The  east  stone  lining  stands  without  benefit  of  the  stone  entry  facade  or 
adequate  retaining  walls.  As  a  result,  many  stones  have  been  dislodged  from  their  original 
position.  (See  figure  4.) 

The  existing  grade  at  this  entry  is  well  above  the  original  grade.  Approximate- 
ly three  stones  are  below  grade  at  this  time. 

The  earthen  cover  at  this  arch  cannot  be  retained  in  its  present  condition,  and 
as  a  result,  the  cover  is  reduced  to  just  a  few  inches  at  the  center  and  to  no  earthen  cover  at  the 
south  side  wall.  At  this  location,  the  arch  stones  are  exposed  to  view,  weather  and  deteriora- 
tion. (See  figure  5.) 

3.  West  Stone  Lining 

The  west  stone  lining  survives  intact  and  in  good  condition  due  to  protection 
from  the  extent  entry  facade.  See  Section  ll-B-2  for  discussion  of  facade  movement. 

4.  Entrance  Facades 

The  cut  stone  entrance  facades  were  the  last  element  of  the  tunnel  to  be 
completed  in  June  1833.  The  tunnel  has  been  described  as  a  "Roman  Revival  style  with  a  low 
relief  lintel  supported  by  Doric  pilasters  on  each  side."  (Clemenson  1990:9) 

The  cut  stone  was  reported  to  be  a  local  Allegheny  sandstone  on  the  HABS 
drawings  (undated). 

Only  the  cut  stone  facade  at  the  west  end  portal  is  extent.  No  historic  photo- 
graphs have  been  found  which  show  the  existence  of  the  east  portal. 

Recent  archeological  excavation  at  the  north  side  of  the  east  arch  has  re- 
vealed a  portion  of  the  north  most  doric  column  base.  The  dimensions  from  the  stone  arch 
match  the  dimensions  of  the  west  facade.  (See  figure  6.)  Based  on  this  facade  remnant,  it  is 
very  likely  that  the  east  facade  was  constructed  similar,  if  not  identical,  to  the  west  facade.  (See 
Attachment  III  for  Archeological  Report.) 

In  order  for  the  east  facade  to  have  been  installed,  extensive  retainage  would 
have  been  required  on  the  south  side  at  the  base  of  the  hill. 
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After  the  removal  of  tfie  original  cut  stone  facade,  there  was  an  8'-7"  gap 
between  the  remaining  stone  arch  and  the  dry  laid  retaining  wall.  This  gap  has  continued  to 
increase  due  to  erosion  of  the  dry  laid  retaining  wall.  Presently,  this  gap  is  partially  filled  with 
rubble  stone. 

5.     West  Facade 

The  west  facade  is  nearly  intact  when  compared  to  the  historic  photographs. 
The  craftsmanship,  carving  and  tooling  of  the  arch  stones  are  evident  in  the  dressed  stone 
facade.  The  facade  stones  are  precisely  cut  and  laid  with  thin  (±1/8")  mortar  joints.  The  stones 
are  massive,  especially  the  parapet  stones,  out  of  which  the  entire  depth  of  the  cornice  was 
carved. 

The  front  face  of  the  facade  was  tooled  to  a  smooth  finish  with  both  vertical 
and  horizontal  grooved  accents.  The  side  stones  were  hammered  to  a  pebbled  finish  with  a 
tooled,  grooved  edge  band.  The  craftsmanship  was  excellent.  The  stones  fit  together  tightly 
and  the  simple,  refined  details  create  an  exquisite  classical  facade  which  has  endured,  virtually 
without  maintenance,  for  156  years. 

The  entry  facade  has  the  appearance  of  an  architectural  element.  However,  it 
serves  as  a  retaining  wall  for  the  earthen  cover  over  the  stone  arch  lining,  it  is  an  elegantly 
detailed  masonry  retaining  wall.  It  is  not  a  complete  structure  which  can  be  protected  from 
moisture  intrusion.  It  must  be  treated  as  a  masonry  retaining  wall  which  is  subjected  to  an 
uncontrollable  source  of  moisture  and  the  accompanying  effects  of  freeze/thaw.  (See  figures  7 
and  8.) 

Despite  the  harsh  environment,  the  facade  has  survived  without  extensive 
deterioration.  The  majority  of  the  deterioration  appears  to  be  either  manmade  (broken  cornice 
stones  and  graffiti)  or  due  to  plant  growth  in  and  around  stone  joints. 

Evidence  of  stone  movement  appears  at  the  column  stones  (which  are  laid 
vertically  instead  of  horizontally  as  the  rest  of  the  facade).  The  two-piece  columns  have  been 
dislocated  approximately  1"  at  both  of  the  southern  columns.  The  source  of  the  movement  is 
not  known,  but  may  be  attributed  to  freeze/thaw  pressures,  loads  due  to  retainage  or  other 
hidden  conditions.  Also,  it  is  not  known  if  the  movement  is  a  new  or  an  historic  condition.  The 
areas  of  movement  should  be  monitored.  (See  Attachment  ll-B-2  for  further  discussion  of  the 
stability  of  this  facade. 

Black  staining  is  evident  on  the  facade  stone.  Evidence  of  staining  is  visible 
on  the  c.  1890  photos  also. 

Graffiti  has  been  a  problem  for  many  years.  Large  painted  letters  are  visible 
in  a  1910  photograph.  A  1920  photograph  reveals  much  more  graffiti  on  columns  and  the  cor- 
nice frieze.  The  1920  graffiti  appears  to  be  both  painted  and  carved  into  the  stone. 

Vandalism  also  appears  to  have  been  a  problem.  The  broken  stone  cornice 
appears  to  have  been  sheared  off.  The  existing  parapet  stones  are  generally  in  sound,  un- 
cracked  condition,  except  for  the  broken  sections.  Broken  stones  are  first  evident  in  1890  (one 
broken  stone).  By  1895,  the  stones  were  broken  in  six  locations.  By  1910,  only  5  stones  at  the 
parapet  are  not  substantially  broken. 

Plant  growth  has  consumed  the  west  facade.  Woody  growth  is  prevalent  at 
joints  in  the  back  and  top  of  the  parapet,  on  top  of  the  columns  and  at  many  other  joint  loca- 
tions. The  plant  growth  creates  deterioration  by  root  growth,  deterioration  of  mortar,  movement 
of  stones  and  water  retainage  and  provides  new  sources  of  moisture  infiltration. 
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Present  grade  at  the  stone  arch  is  covering  up  nearly  three  arch  stones. 
These  stones  are  the  flared  type  according  to  an  1890  photograph  and  help  to  create  the  horse- 
shoe shape. 

Remnants  of  the  dry-laid  retaining  walls  are  extant.  However,  they  have  failed 
extensively.  The  height  of  the  original  south  retaining  wall  can  be  estimated  by  analysis  of 
historic  photograph  #6.  This  nearly  front-on  view  provides  a  good  perspective  to  compare  its 
relative  height.  The  south  retaining  wall  was  approximately  equal  to  the  top  of  the  stone  arch. 
The  wall  was  dry-laid  in  a  very  regular  pattern  with  stones  of  uniform  thickness. 

A  retaining  wall  on  the  north  can  only  be  seen  in  a  c.  1910  photograph  (photo 
#10).  This  photograph  shows  a  wall  much  lower  than  the  south  wall,  but  of  similar  construction, 
it  is  not  known  if  this  wall  is  original  since  an  1895  photo  (historic  photo  #7)  shows  a  portion  of 
the  north  column  base  to  be  partially  covered.  This  same  photo  shows  the  south  retaining  wall 
as  it  intersects  the  facade  south  elevation.  The  retaining  wall  angles  outward  at  the  top  of  the 
wall. 

B.      Structural  Stability 

The  following  sections  discuss  the  manmade  structural  elements  of  Staple  Bend 
Tunnel.  These  include  the  dressed  stone  lining,  the  west  end  facade,  the  concrete  lined  portion 
of  the  east  end  and  the  dry  laid  retaining  walls.  All  of  these  elements  except  the  concrete  lining 
were  part  of  the  initial  construction  done  in  the  1 830's.  The  structural  analyses  pertain  to  condi- 
tions as  observed  and  determined  in  the  field  investigation  made  in  August,  1990. 

1.       Dressed  Stone  Tunnel  Lining 

The  dressed  stone  tunnel  lining  begins  at  the  facade  at  each  end  of  the  tunnel  and 
extends  into  the  tunnel  for  a  distance  of  approximately  150  feet.  The  symmetrical  shape  at  the 
west  portal  was  used  in  establishing  a  model  to  calculate  stresses  on  the  stone  lining  within  the 
tunnel.  The  computer  results  of  the  calculations  are  contained  in  Attachment  IV.  Loading  dia- 
grams illustrating  how  the  load  was  placed  and  the  results  are  also  contained  with  the  computer 
calculations.  The  basic  structure  was  always  assumed  to  be  uniformly  loaded  except  in  one 
case  that  was  run  on  the  computer  to  look  at  the  stresses  with  an  unbalanced  load.  This  was 
done  primarily  to  see  what  field  conditions  would  have  had  to  exist  to  cause  the  lateral  rotation 
of  the  tunnel  lining  at  the  east  portal. 

For  the  sake  of  this  analysis  the  length  of  the  lining  stones  was  not  a  factor.  The 
analysis  was  based  on  a  one  foot  incremental  length  of  tunnel.  With  the  tunnel  liner  blocks 
interlocked,  there  will  be  some  load  transfer  between  adjacent  liner  stones  but  primarily  the 
tunnel  liner  will  function  as  a  ring  structure.  The  crown  of  the  tunnel  liner  will  pick  up  the  vertical 
load  component  from  the  weight  of  the  soil  backfill  covering  the  arch  and  the  horizontal  load 
component  from  the  "equivalent  fluid"  load  of  the  soil  backfill  along  the  sides  transmitting  them 
axially  through  the  adjacent  stones  of  the  liner.  The  shape  of  the  liner  may  be  described  as  a 
horseshoe  shape.  The  sidewalls  will  transmit  the  load  down  into  the  bedrock  and  pick  up  any 
lateral  load  from  either  the  soil  near  the  outside  ends  of  the  tunnel  or  the  rock  chinked  backfill 
within  the  excavated  rock  portion  of  the  lined  tunnel.  The  structure  is  not  generally  capable  of 
transmitting  significant  flexural  moments  in  the  structure  because  the  joints,  in  particular,  do  not 
have  the  capability  of  transmitting  tension  stresses.  Small  moments  are  accounted  for  by  the 
center  of  the  resultant  force  passing  through  the  individual  blocks  being  offset  from  the  centroid 
of  the  block. 

The  stone  lining  was  treated  as  a  uniform,  symmetrically  shaped  tunnel  with  the 
crown  forming  a  perfect  circle.  The  cross  section  at  the  west  end  is  the  only  location  where  this 
uniform  cross  section  was  measured.  At  other  locations,  the  shape  of  the  tunnel  lining  was 
found  to  be  fairly  uniform  in  curvature  and  this  idealized  analysis  is  felt  to  be  sufficiently  accu- 
rate to  indicate  the  type  of  reactions  taking  place  within  the  tunnel  in  the  lining. 
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The  loading  conditions  analyzed  include  the  stone  lining  with  no  soil  load  whatso- 
ever on  it.  The  remaining  loading  conditions  assumed  uniform  loading  with  backfill  material 
level  with  the  top  of  the  arch,  3  feet,  5  feet,  10  feet,  15  feet,  and  20  feet  above  the  top  of  the 
arch.  The  analysis  indicated  that  when  the  stone  lining  is  in  a  stand  alone  condition,  it  is  border- 
line unstable  and  should  have  restraint  in  the  area  where  the  arch  crown  comes  into  the  tangent 
zone  of  the  sidewalk  This  appears  to  be  the  area  of  the  greatest  eccentricity  in  the  stress  lines 
for  this  loading  condition.  Two  loading  conditions  were  also  analyzed  whereby  the  soil  pressure 
on  the  exterior  of  the  arch  was  increased  in  a  passive  way  from  the  structure  being  able  to 
deform  and  push  into  the  soil  backfill.  This  showed  that  the  structure  can  and  will  move  to  re- 
lieve overstresses. 

As  the  lining  is  loaded,  both  horizontally  and  vertically  from  soil  backfill,  it  becomes 
more  stable  and  it  is  a  very  good  structure  and  well  designed  for  taking  the  soil  loads  that 
presently  exist  at  the  two  ends  of  the  structure.  Table  No.  1  illustrates  the  maximum  stress  both 
perpendicular  to  the  stone  and  shear  stress  that  could  exist  in  each  different  arch  loading  condi- 
tion. 


Shear 
Stress  (psi) 
<1 
13 
<1 
16 
<1 
18 
<1 
22 
1 

26 
2 

30 
2 
28 
9 

32 
11 

At  the  west  end,  there  are  fifty-five  stones  with  half  on  each  side  of  the  center- 
line  of  the  tunnel  lining  with  the  keystone  being  directly  centered  at  the  top.  It  was  impossible  to 
determine  geologically  the  exact  location  that  the  tunnel  lining  went  from  being  an  earth  back- 
filled structure  to  penetrating  the  rock  formation  of  the  hill.  At  this  point,  it  will  become  a  totally 
free  standing  arch  not  really  carrying  any  external  vertical  loads  except  for  occasional  ceiling 
rock  falls. 

One  observation  that  was  made  is  that  in  the  crown  of  the  tunnel  beginning  at  the 
west  portal,  the  upper  stones  are  all  of  uniform  width  similar  to  the  shape  of  the  stones  visible  at 
the  facade  of  the  tunnel.  At  approximately  40  feet  into  the  tunnel,  the  upper  stones  change  from 
being  the  full  exposed  width  of  about  10  inches  down  to  a  thinner  stone  of  an  estimated  5  and 
1/2  inches.  After  this  transition,  there  are  11  narrower  stones  across  the  crown  with  the  center 
key  stone  being  the  thinnest  and  shortest  element  of  the  group.  This  would  indicate  that  the 
larger  stones  were  laid  in  an  open  cut  method  so  that  they  could  be  placed  from  the  outside 
from  the  top  down  and  that  the  smaller  inner  stones  were  placed  from  the  inside  and  had  to  be 
slid  horizontally  into  place  since  the  excavation  of  the  rock  is  not  sufficient  for  men  to  be  above 
the  arch  to  place  these  lining  stones.  It  is  apparent  that  a  cribbing  system  was  used  to  place 
these  lining  stones  and  once  the  full  arch  were  in  place,  they  were  able  to  lower  the  cribbing  and 
allow  the  structure  to  take  the  loads  from  the  vertical  weight  of  the  lining. 
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Loading 

QgnciJitions 

bioqK 

No  Load 

28 

H=0 

28 

H=0 

19 

H=3' 

28 

H=3' 

19 

H=5' 

28 

H=5' 

19 

H=10' 

28 

H=10' 

19 

H=15' 

28 

H=15' 

19 

H=20" 

28 

H=20" 

19 

H=20  W/P.1 

28 

H=20w/P.1 

18 

H=20  W/P.3 

28 

H=20  W/P.3 
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TABLE  1 

Interior 

Exterior 

EQiqe 

Edge 

0 

89 

120 

0 

0 

108 

109 

5 

0 

214 

114 

17 

0 

282 

127 

52 

0 

464 

147 

79 

0 

634 

158 

116 

0 

829 

217 

60 

0 

727 

331 

0 

0 

750 

The  top  profile  of  the  crown  of  the  tunnel  appears  to  be  very  uniform.  It  is  difficult 
to  know  whether  all  of  the  lining  was  shored  at  one  time  and  then  uniformly  lowered  in  the  same 
operation  or  whether  the  cribbing  was  removed  as  incremental  lengths  of  tunnel  lining  were  put 
into  place  and  ready  to  take  the  load. 

The  conclusion  to  be  drawn  is  that  when  any  repair  work  is  done,  especially  at  the 
west  portal,  any  over  burden  fill  over  the  tunnel  lining  should  be  removed  in  uniform  layers 
keeping  the  load  on  the  lining  symmetrical.  If  all  of  the  backfill  material  is  to  be  removed  from 
the  lining  to  reconstruct  some  of  the  dry  laid  retaining  walls  which  will  be  discussed  later,  it 
would  be  appropriate  to  brace  the  inside  of  the  tunnel  to  maintain  the  very  uniform  shape  of  the 
tunnel  lining  and  not  to  take  any  chances  on  causing  lateral  deformations  to  the  lining. 

In  determining  the  stresses  on  the  individual  stones,  it  was  assumed  that  there 
was  uniform  bearing  across  the  face  of  the  stones.  When  any  regrouting  is  done  to  fill  the  voids 
and  to  repoint  the  structure,  it  will  be  important  for  the  grout  to  be  applied  in  such  a  way  as  to  fill 
the  joint  voids  to  maintain  as  uniform  a  load  transfer  as  possible  from  one  stone  to  the  next. 
The  least  calculated  load  that  is  perpendicular  or  circumferential  in  any  of  the  lining  stones  is  at 
the  crown  (keystone)  and  is  a  compressive  load  of  approximately  3100  lbs.  per  lineal  foot  which 
indicates  there  is  a  substantial  axial  load  holding  each  one  of  the  stones  in  place  in  addition  to 
the  significant  shear  stresses  present  in  the  structure. 

In  the  crown  at  about  Stations  0+58  and  1+03,  individual  stones  have  come  out  of 
the  lining.  These  are  discussed  in  greater  detail  in  the  geotechnical  portion  of  this  report 
(Attachment  II).  There  has  had  to  be  load  transfer  around  these  individual  void  areas  with 
higher  stresses  in  the  adjoining  stones.  Thus,  if  it  is  determined  that  stones  are  to  be  restored 
to  these  locations,  the  grouting  and  wedging  will  have  to  be  done  in  such  a  manner  so  as  to 
maintain  the  integrity  of  these  replaced  stones  as  well  as  the  existing  stones. 

2.       West  Facade 

The  west  tunnel  entrance  facade  is  described  as  a  "Roman  Revival  style  with  a 
low  relief  lintel  supported  by  Doric  pilasters  on  each  side".  The  architectural  aesthetics  of  the 
facade  are  discussed  elsewhere.  Structurally  the  facade  does  not  have  the  mass  to  stand  on  its 
own  without  help  from  other  portions  of  the  structure.  The  help  that  the  facade  appears  to  be 
receiving  is  significant  from  the  frictional  restraint  of  its  bearing  on  the  dressed  stone  lining.  As 
a  result  of  the  interlocked  nature  of  the  lining,  it  would  provide  excellent  frictional  support  along 
the  joint  line  between  lining  and  facade  structure.  In  developing  any  of  the  structural  conclu- 
sions, certain  assumptions  have  to  be  made  because  the  exact  cross  section  of  the  facade  is 
difficult  to  determine  except  for  the  visible  evidence  on  the  exterior  of  the  structure. 

For  determining  a  stability  analysis,  it  was  assumed  that  the  end  wings  of  the 
facade  are  constructed  in  a  uniform  stone  grid  going  from  the  top  down  to  the  bedrock.  This 
gives  the  facade  an  overall  height  from  bedrock  to  the  top  of  the  cornice  of  approximately  25.5 
feet.  The  average  depth  of  structure  was  taken  as  five  feet.  The  lateral  load  on  the  structure  is 
a  function  of  the  height  and  slope  of  the  backfill.  When  constructed,  the  available  information 
would  indicate  that  for  the  first  15  +  feet  from  the  back  of  the  facade,  the  backfill  was  reasonably 
level  before  rising  steeply  (1-1/2:1)  up  the  hill.  The  assumption  was  made  that  the  backfill 
causes  an  active  earth  pressure  of  an  equivalent  fluid  pressure  of  40  pounds  per  cubic  foot 
(pcf).  The  factor  of  safety  against  overturning  at  the  outside  edge  of  the  facade  is  barely  above 
1 .0  for  this  loading  condition.  Thus,  the  facade  structure  needs  to  be  looked  at  as  a  "composite" 
structure.  The  structure  would  act  in  a  composite  manner  from  frictional  resistance  between  the 
overlap  of  the  blocks  composing  the  facade  and  the  overlap  of  the  blocks  composing  the  tunnel 
liner.  Horizontal  shear  stresses  would  exist  between  the  facade  face  and  the  tunnel  liner.  The 
calculations  indicate  that  the  facade  is  totally  unstable  along  a  line  representing  the  joint  of  the 
facade  facing  and  the  tunnel  liner  without  consideration  of  this  "frictional"  help. 
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As  the  passive  soil  pressure  builds  up,  the  facade  will  yield  and  move  laterally 
(outward)  to  relieve  the  pressure  increase  until  the  pressure  is  at  or  below  the  assumed  active 
pressure.  This  cycle  will  continue  over  the  life  of  a  structure  or  until  there  is  too  much  move- 
ment and  failure  occurs.  Movement  of  the  facade  is  discussed  and  illustrated  in  the  following 
paragraphs.  However,  it  is  noted  here  that  the  missing  east  facade  probably  failed  and  fell  over. 
The  backfill  at  the  east  portal  has  sloughed  away  over  the  100  plus  years  the  facade  has  been 
missing.  However,  one  can  draw  cross-sections  with  a  facade  similar  to  the  west  facade  on  the 
east  end  and  see  that  the  backfill  would  have  risen  on  a  slope  of  2:1  almost  from  the  back  of  the 
facade.  This  would  greatly  increase  the  assumed  equivalent  fluid  pressure  from  40  pcf  to  60  pcf 
or  higher  and  thus  lead  directly  to  failure. 

The  front  face  of  the  facade  appears  to  be  bowl  shaped.  The  facade  does  not 
show  evidence  of  any  movement  at  the  contact  points  with  the  stone  arch  lining  and  at  the 
foundation  stones.  However,  the  farther  you  get  from  these  two  fixed  zones,  movement  of  the 
structure  appears  evident.  The  surveyed  information  along  the  front  top  of  the  cornice  would 
indicate  that  the  upper  corners  of  the  cornice  could  have  moved  in  the  range  from  6  to  8  inches. 
It  is  difficult  to  confirm  this  as  a  fixed  number  because  of  the  visible  sliding  and  rotation  of  the 
top  cornice  stones.  However,  the  6  inch  dimension  is  at  the  south  cornice  which  appears  to  be 
fairly  well  in  place  and  it  is  believed  can  be  taken  as  a  representative  measurement  of  the  distor- 
tion. A  similar  correlation  can  be  made  from  the  surveyed  location  of  the  back  edge  of  the  cor- 
nice. See  Figure  9. 

It  is  more  difficult  to  draw  the  conclusion  that  there  is  this  much  movement  from 
the  surveyed  location  of  the  back  edge  of  the  second  row.  However,  on  these  buried  layers, 
when  stones  are  out  of  sight,  the  exactness  of  the  quarry  dimensions  begins  to  vary  when  it  is 
not  critical  for  the  erection  of  the  structure.  Since  the  north  corner  stone  of  the  second  row  is 
missing  on  the  backside,  it  is  impossible  to  establish  a  line  across  the  full  length  of  the  structure 
for  comparison  as  can  be  developed  for  the  top  cornice.  The  movement  of  the  facade  would 
indicate  that  this  possibly  took  place  when  the  full  load  was  on  the  backside  of  the  facade.  The 
full  load  would  have  been  on  the  facade  when  the  dry  laid  stone  walls  came  up  to  each  end  and 
held  the  dirt  backfill  on  the  backside  of  the  structure.  Since  there  has  been  significant  deteriora- 
tion of  the  dry  laid  stone  walls  adjacent  to  the  facade,  there  has  been  a  major  amount  of  backfill 
material  washed  out  with  time  from  behind  the  structure  which  would  relieve  some  of  the  soil 
load  pushing  against  the  back  of  the  facade. 

Vertical  profiles  were  taken  by  the  surveyors  on  the  pilasters  of  the  west  facade  to 
determine  how  much  out  of  plumb  they  are.  The  north  edge  of  the  outside  left  pilaster  and  the 
right  edge  of  the  right  side  pilaster  are  out  of  plumb  between  3  1/2  and  4  1/2  inches.  On  the 
pilasters  adjacent  to  the  arch,  they  are  out  of  plumb  between  2-1/2  and  3  inches. 

There  is  evidence  that  the  pilasters,  particularly  on  the  south  side  are  horizontally 
displaced  with  respect  to  the  front  of  the  rest  of  the  structure.  The  pilasters,  particularly  the  one 
nearest  the  arch  on  tne  south  side,  show  outward  displacement  of  the  pilaster  stones  inde- 
pendent of  the  remaining  facade  stones.  Visually,  they  have  moved  independently  of  the  other 
stones  on  a  fairly  uniform  basis  from  the  top  to  the  bottom.  This  movement  appears  to  have 
been  more  recent,  probably  in  the  last  50  or  60  years  versus  the  150  plus  years  since  the  struc- 
ture was  erected.  One  explanation  for  this  movement  is  that  at  the  time  the  structure  was 
erected,  dry  laid  stone  walls  were  laid  adjacent  to  the  ends  of  both  sides  of  the  facade  to  an 
elevation  equivalent  to  the  top  of  the  stone  arch  lining.  These  stone  walls  with  the  adjacent 
backfill  would  have  provided  lateral  load  against  the  ends  of  the  facade.  This  lateral  load  possi- 
bly would  have  held  the  structure  together  more  tightly  and  would  have  increased  the  friction 
forces  holding  the  pilaster  stones  in  place.  With  the  deterioration  of  these  dry-laid  stone  retain- 
ing walls  primarily  occurring  since  1900  per  the  historic  photographs,  backfill  material  has  been 
eroded  out  with  time  and  weather.  This  activity  may  have  relieved  some  of  the  lateral  load 
holding  the  structure  together  very  tightly.  Thus,  movement  through  root  growth  (root  jacking) 
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FIGURE    9 


of  plant  material  that  from  time  to  time  has  grown  over  the  face  of  the  structure  in  the  joints  or 
through  water  (ice  jacking)  seeping  into  the  joints  and  freezing,  these  pilaster  stones  have 
undergone  some  sort  of  jacking  force  that  has  caused  them  to  move  independently  of  the 
remainder  of  the  facade. 

One  consideration  would  be  that  at  the  time  the  upper  two  or  three  layers  of  stone 
courses  are  removed  on  the  north  corner  of  the  facade  to  repair  the  dislodged  side  stone,  it 
might  be  possible  to  remove  the  column  capitol  to  investigate  the  sequence  of  construction  on 
lower  layers  of  the  facade  structure  with  particular  interest  on  the  pilasters.  This  would  give  the 
engineers  and  the  archeologists  more  information  on  how  the  structure  was  originally  construct- 
ed. Future  monitoring  of  movement  then  would  have  more  basis  of  understanding.  A  program 
for  regular  monitoring  of  movement  should  be  established.  If  measured  movements  of  6"  verti- 
cally for  out  of  plumb  or  9"  for  horizontal  curvature  are  made,  then  further  remedial  measures 
may  need  to  be  taken.  An  effort  should  be  made  not  to  increase  lateral  loads  on  the  facade 
from  any  of  the  proposed  stabilization  measures. 

3.       East  Portal  Concrete  Lining 

The  concrete  lining  of  the  east  50  feet  of  the  east  end  of  the  stone  tunnel  lining 
appears  to  be  in  good  condition.  From  the  test  pit  dug  at  the  westerly  end,  at  the  junction 
between  the  concrete  lined  portion  and  the  dressed  stone  arch  lining,  it  was  determined  that  the 
wall  is  founded  on  the  same  sandstone  bearing  formation  that  supports  the  dressed  stone  lining. 

It  has  been  assumed  that  this  concrete  lining  was  installed  in  the  early  1940's 
when  the  concrete  water  line  was  installed.  However,  we  have  not  been  able  to  document  the 
exact  year.  The  approximate  thickness  of  the  concrete  lining  varies  with  18  inches  about  the 
minimum  thickness  observed.  The  exact  details  of  construction  of  the  lining  are  unknown.  Also 
the  size  and  spacing  of  reinforcing  steel,  if  any,  within  the  concrete  lining  is  unknown  but  ap- 
pears to  be  adequate  since  there  is  no  evidence  of  major  cracking  in  the  crown.  In  a  structure 
of  this  nature,  it  will  act  as  a  rigid  structure  and  will  support  the  load  both  in  arch  action  and  in 
flexural  action.  The  stone  lining  is  more  flexible  so  that  small  movements  will  be  more  readily 
discernible  as  cracking  in  this  concrete  lining.  On  this  type  of  structure,  if  there  was  significant 
deformation  of  the  crown,  flexural  cracks  would  appear  in  a  longitudinal  manner  running  down 
the  axis  of  the  tunnel. 

At  the  east  portal,  the  rock  outcrops  at  about  30  feet  from  the  face  of  the  east 
portal.  It  is  fairly  safe  to  assume  that  this  is  the  location  where  the  tunnel  excavation  penetrates 
into  the  rock  formation  and  by  the  time  the  lining  is  at  the  50  foot  mark,  the  tunnel  is  back  into 
the  stable  sandstone  formation  of  the  hill  and  thus  the  concrete  lining  is  no  longer  needed  to 
supplement  that  stable  portion  of  the  stone  arch  lining.  The  concrete  lining  will  carry  all  the  soil 
loads  as  well  as  the  weight  of  the  stone  lining  at  the  outer  end  of  the  tunnel  lining  in  the  area  of 
the  displaced  stone  and  lining. 

Though  the  concrete  arch  Is  probably  reinforced,  it  is  safer  to  assume  that  we 
should  keep  a  symmetrical  loading  condition  on  this  lining  and  not  let  loading  conditions  get 
significantly  out  of  balance.  It  appears  that  after  the  dressed  stone  facade  on  the  east  end 
either  was  removed  on  purpose  or  failed  (fell  over)  because  of  the  soil  load  on  the  backside  that 
this  weakened  the  support  structure  for  the  arch.  Soil  erosion  on  the  north  side  of  the  tunnel 
has  been  more  severe  than  on  the  south  side.  Thus,  an  unbalance  of  the  loading  by  just  a 
small  amount,  say  one  or  two  vertical  feet  can  significantly  exaggerate  the  horizontal  thrust  of 
one  side  of  the  arch  on  to  the  lesser  loaded  side  and  can  cause  the  horizontal  translation  of  the 
arch  and  ultimately  lead  to  failure  of  the  stone  lining.  Soil  cover  of  2-1/2  to  3  feet  should  be  rein- 
troduced around  the  east  portal  structure  to  primarily  act  as  an  insulation  blanket  against  re- 
peated freeze  thaw  cycles  which  can  tend  to  loosen  and  jack  the  lining  stones  around  with 
respect  to  the  concrete  lining. 
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4.       Diy  Laid  Retaining  Walls 

The  dry  laid  retaining  walls  adjacent  to  both  the  east  and  west  facades  appear  to 
have  been  properly  designed.  The  large  wall  adjacent  to  the  east  facade  has  a  measurable  top 
thickness  of  approximately  5  feet  at  the  highest  point.  In  using  the  surveyed  information,  it  is 
possible  to  approximate  the  front  batter  on  the  retaining  wall.  The  minimum  batter  is  about  1 :8 
with  it  increasing  in  some  areas  to  as  steep  as  1 :4. 

Assuming  a  1 :8  batter  on  the  backside,  a  dry  laid  wall  of  this  configuration  could  be 
laid  to  a  height  of  approximately  15  feet.  To  go  higher  than  15  feet  would  require  increasing  the 
dimension  of  the  base. 

At  the  east  portal,  the  8.5  feet  of  infill  adjacent  to  the  dressed  stone  arch  lining  has 
been  added  after  the  removal  or  failure  of  the  east  facade,  at  some  point  prior  to  1890,  based 
on  the  evidence  from  the  historic  photographs  that  are  of  record.  There  is  no  evidence  of  how 
extensive  the  dry  laid  stone  wall  would  have  been  on  the  south  side  of  the  east  portal.  There  is 
limited  remnants  of  some  stone  wall  at  this  location  but  not  nearly  as  extensive  as  on  the  north 
side  of  this  facade. 

At  the  west  portal,  the  evidence  indicates  that  the  dry  laid  stone  walls  approximat- 
ed the  top  elevation  of  the  arch  based  on  views  from  the  historic  photographs.  It  is  possible  that 
it  took  a  lot  of  time  for  fine  grained  material  to  be  washed  into  these  walls  since  they  stood  for  a 
long  period  of  time  before  failing.  Once  the  fine  particles  filled  the  voids,  frost  action  could  have 
led  to  the  dislodging  of  stones.  With  time  and  the  increased  runoff  of  water  around  the  ends  of 
the  facade,  erosion  has  taken  its  toll  and  has  caused  considerable  deterioration  in  the  dry  laid 
walls  immediately  adjacent  to  the  facade.  It  is  also  possible  that  some  vandalism  has  taken 
place  in  these  areas  or  that  the  rocks  that  fell  have  been  incorporated  into  backfilling  the  area  in 
front  of  the  west  portal. 

In  the  historic  photographs,  evidence  of  the  east  wall  of  the  Inclined  Plane  No.  1 
one  engine  house  is  evident  which  would  indicate  a  fairly  large  sized  hole  in  the  ground  that  has 
been  filled  over  time  with  the  construction  of  water  lines,  etc.  in  the  area.  The  existing  grade  is 
1  to  2  feet  higher  than  the  grade  at  the  time  the  Allegheny  Portage  Railroad  was  in  operation. 

It  appears  that  some  reconstruction  of  the  dry  laid  stone  walls  immediately  adja- 
cent to  the  facade  is  needed  to  help  stabilize  the  erosion  around  the  facade.  Care  will  have  to 
be  taken  during  the  time  of  excavation  for  the  reconstruction  of  these  stone  walls  along  with  an 
underdrain  system  to  protect  the  main  arch  lining  of  the  tunnel.  A  free  draining  imported  granu- 
lar backfill  should  be  used  in  backfilling  these  stone  walls  to  reduce  the  horizontal  load  buildup 
from  the  silts  and  sediments  that  will  be  washed  down  the  hill  from  higher  up  the  slope. 
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V.  RECOMMENDATIONS  AND  COST  ESTIMATE 

A.      East  Portal  > 

1.  Stone  Arch 

The  existing  stone  arch  has  been  deformed  due  to  unsymmetrical  loading 
pressure  and  would  not  be  stable  without  additional  support.  The  individual  stones  are  intact 
and  sound.  Pointing  on  the  face  joints  is  in  good  condition,  although  some  cracks  exist  between 
the  stone  and  concrete  lining.  All  joints  exposed  to  the  earth  need  repointing. 

2.  Concrete  Lining 

The  non-historic  concrete  lining  is  poured  adjacent  to  the  stone  and  conforms 
to  dislodged  stone.  This  lining  provides  structural  support  for  the  stone  arch.  Removal  of  this 
concrete  lining  is  not  recommended  due  to  potential  damage  to  the  historic  stone  and  it  repre- 
sents an  example  of  a  technological  change. 

3.  Nevsd  Retaining  Wall 

A  new  retaining  wall  is  required  to  provide  for  proper  site  drainage,  to  prevent 
continued  sloughing,  for  stabilization  of  the  east  portal  and  to  provide  sufficient  earth  cover  over 
the  (now  exposed)  historic  arch  stones. 

The  retaining  wall  will  also  provide  a  setting  for  the  stone  arch  and  will  provide 
a  more  complete  picture  of  the  relationship  of  the  facade  element.  For  example,  the  dry  laid 
wall  at  the  north  side  of  the  entry  represents  a  non-historic  condition,  dry  laid  retaining  walls 
were  never  in  that  location  and  never  would  have  been  adjacent  to  the  arch  lining.  The  new 
retaining  wall  can  be  a  variety  of  shapes  and  materials. 

The  basic  requirements  are: 

a.  Provide  minimum  cover  of  30"  at  the  crown  to  alleviate  freeze/thaw  dete- 
rioration. 

b.  The  wall  needs  to  be  the  historic  width  to  provide  sufficient  retainage. 

c.  Materials  should  reflect  non-historic  materials  and  should  not  compete 
with  the  historic  fabric. 

Three  design  alternatives  have  been  provided: 

a.  Elevation  I  Option  -  A  stepped  concrete  form  of  historic  width  and  of  a 
variable  height  which  allows  for  minimum  earth  cover  above  the  stone 
arch  and  provides  a  simple,  modern  image  without  excessive  detail. 

b.  Elevation  II  Option  -  Concrete  retaining  wall  of  historic  dimensions  with 
formed  reveals  which  "ghost"  historic  proportions. 

c.  Elevation  III  Option  -  Concrete  retaining  wall  of  historic  dimensions,  plain 
facade. 

Other  Considerations: 

a.  Signage  indicating  the  portal  and  date  should  be  included. 

b.  The  concrete  should  be  sandblasted  to  help  it  to  blend  into  the  natural 
setting. 
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4.  Historic  Column  Base 

The  remnant  of  the  historic  column  base  supports  the  conclusion  that  the  East 
Facade  had  a  stone  facade  similar  to  the  West  Facade.  This  remnant  should  be  preserved  and 
incorporated  into  the  required  retaining  wall.  The  remnant  should  be  located  in  its  historic  posi- 
tion. Portions  of  the  historic  base  not  visible  due  to  adjacent  grade  would  be  removed  to  allow 
for  the  new  retaining  wall  footing  placed  on  bedrock. 

5.  Stone  Retaining  Walls 

Existing  dry  laid  walls  should  be  preserved  and  stabilized.  If  additional  retain- 
age  is  required  at  the  historic  walls,  they  should  be  constructed  of  similar  methods  and  stone. 

The  existing  stone  has  a  black  patina.  New  stones  should  be  of  the  same  cut, 
size,  shape  and  material,  but  should  have  a  natural  finish  and  be  allowed  to  gain  patina  natural- 
ly. 

Where  new  stone  retaining  walls  are  required,  they  will  have  a  concrete  struc- 
tural support  and  a  stone  veneer. 

6.  Vegetation/Drainage 

Vegetation  and  drainage  shall  be  treated  as  recommended  in  the  Civil  and 
Geotechnical  sections. 

7.  Entrv  Gate 

The  existing  concrete  block  and  steel  doors  should  be  removed.  The  new  infill 
material  should  be  non-dimensional  and  non-structural  in  appearance. 

Three  options  are  described: 

Options  A  &  B  -  Solid,  opaque  infill  and  doors  which  provide  security  and  cold 
weather  protection.  Steel  plate  wall  and  doors  are  recommended. 

Option  C  -  Open  bars  which  provide  visual  access  but  prohibit  entry  and 
control  animals.  A  painted  steel  tube  frame  is  recommended.  The  grill  will  follow  the  contour  of 
the  arch  and  when  viewed  from  a  distance,  the  shape  of  the  arch  will  be  visible. 

Since  the  open  grill  will  not  provide  protection  from  the  cold,  a  removable 
insulated  wall  will  have  to  be  installed  during  the  winter.  The  insulated  wall  should  be  panelized 
to  facilitate  removal  and  storage  and  should  be  as  lightweight  as  possible. 

An  alternative  to  the  removable  insulated  wall  may  be  the  use  of  a  non- 
reflective  "lexan"  plastic,  permanently  attached  to  the  grill. 

Regardless  of  which  option  is  installed,  the  new  door  and  infill  should  be  set 
back  from  the  stone  entry  to  allow  a  more  accurate  picture  of  the  tunnel  appearance.  Setback 
should  be  a  minimum  of  3'-0"  (to  allow  a  visitor  to  stand  within  the  tunnel).  The  setback  should 
not  exceed  a  depth  of  10'-0". 

B.      West  Portal 

1.     Stone  Facade  and  Stone  Arch 

Recommendations  for  the  historic  West  Facade  are  directed  towards  its 
preservation  and  structural  stability.  Control  of  drainage  and  soil  pressure  are  the  primary 
concerns  along  with  resetting  displaced  facade  stones.  The  control  of  drainage  and  soil  pres- 
sure will  be  discussed  in  Section  IV-B-2. 
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The  dislodged  parapet  stones  should  be  marked  as  to  location  and  removed 
to  allow  for  reinstallation  of  lost  and  rotated  stones.  Historic  setting  methods  and  construction 
should  be  carefully  documented  during  disassembly.  Samples  of  historic  mortar  remnants 
should  be  saved  and  evaluated.  Evidence  of  pinning  or  other  methods  of  connection  should  be 
examined.  The  disassembly  process  and  exposed  conditions  should  be  fully  documented  by 
photographs  and  field  sketches  for  a  permanent  record. 

After  all  of  the  stones  necessary  for  reconstruction  are  removed,  the  historic 
stones  should  be  laid  to  their  historic  locations.  Means  of  setting  the  stones  will  be  determined 
by  the  results  of  information  gained  during  disassembly. 

If  mortar  is  used  to  set  the  stones,  it  shall  be  compatible  with  the  adjacent 
masonry  system  in  strength,  texture  and  color.  All  reinforcement  shall  be  stainless  steel. 
Mortar  joints  shall  be  the  same  size  as  historic  joints. 

The  historic  parapet  stones  (with  broken  edges)  are  to  remain. 

Pointing  on  the  face  joints  of  the  facade  and  stone  lining  are  generally  in  good 
condition.  However,  limited  pointing  will  be  required  where  there  are  cracks  or  missing  mortar. 

The  joints  of  the  parapet  stones  (horizontal  and  vertical)  should  be  either 
pointed  or  filled  with  sealant  with  a  fine  sand  pressed  into  the  sealant. 

The  black  staining  of  the  stone  is  quite  old  and  does  not  appear  to  be  damag- 
ing the  stone.  It  is  not  recommended  to  clean  off  the  stain  at  this  time.  The  staining  should  be 
monitored  to  determine  if  it  is  deleterious  to  the  stone. 

Historic  graffiti  and  graffiti  carved  into  the  stone  shall  remain.  Painted  graffiti 
should  be  removed  after  sample  methods  of  cleaning  have  been  evaluated  to  determine  impact 
on  stone  and  final  appearance  of  the  "cleaned"  area  versus  areas  not  cleaned.  The  entire 
facade  should  not  have  a  general  cleaning. 

As  described  in  the  structural  analysis,  the  facade  walls  are  out  of  plumb  in 
both  a  vertical  and  horizontal  plane  and  the  column  stones  have  been  displaced  from  the  rest  of 
the  stone  face.  Since  it  is  not  possible  to  determine  when  this  movement  occurred,  it  is  recom- 
mended that  a  system  be  installed  to  allow  for  monitoring.  Monitoring  should  occur  on  a  semi- 
annual basis  for  the  first  two  years  and  annually  thereafter. 

2.  Retaining  Walls 

It  is  recommended  that  new  retaining  walls  shall  be  provided  only  as  neces- 
sary to  control  drainage  and  soil  pressure,  prevent  further  erosion  and  to  allow  for  the  exposure 
of  the  north  and  south  column  bases. 

The  new  retaining  walls  shall  not  increase  soil  pressure  on  the  facade  (which 
would  happen  if  the  retaining  walls  were  built  to  their  historic  height).  Retaining  walls  will  have 
to  be  provided  on  both  the  north  and  south  sides.  Retaining  walls  will  be  constructed  as  de- 
scribed for  the  East  Portal. 

3.  Vegetation/Drainage 

All  vegetation  in  the  stone  joints  shall  be  eliminated.  Where  necessary,  the 
stones  will  be  repointed. 

Reference  the  Civil  and  Geotechnical  sections  for  other  vegetation  and  drain- 
age recommendations. 
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4.  Entry  Gate 

The  existing  concrete  block  at  steel  doors  should  be  removed.  New  infill  shall 
be  as  described  for  the  East  Portal. 

The  entry  gate  should  be  set  back  within  the  tunnel  a  minimum  of  3'-0"  (to 
allow  the  visitor  to  stand  inside  the  tunnel  and  to  view  the  first  joint  of  the  stone  lining).  The 
setback  should  not  exceed  the  depth  of  the  stone  facade. 

Recessing  the  gate  (and  insulated  panels)  exposes  a  portion  of  the  stone 
lining  to  cold  weather  and  may  have  a  negative  effect  on  the  exposed  stones.  Holding  the 
recessed  to  the  depth  of  the  facade  may  help  to  control  moisture  penetration  and  the  effects  of 
freeze/thaw. 

5.  Water  Structure 

The  existing  concrete  structure  is  located  on  the  historic  Engine  House  foun- 
dation. The  structure  is  obviously  non-historic  and  intrudes  into  the  historic  scene  and  inhibits 
the  view  of  Incline  1  from  the  tunnel  entry. 

The  structure  is  presently  owned  and  utilized  by  Bethlehem  Steel.  Modifica- 
tions to  this  structure  may  be  possible  if  an  agreement  is  worked  out  with  Bethlehem  Steel.  See 
Section  Vli-A-1  for  further  discussion. 

C.      Stone  Lining 

Preservation  of  the  historic  stone  lining  will  require  repointing  and  moisture  control. 
Additionally,  loose  or  displaced  stones  may  require  shimming.  Pointing  materials  shall  be  visu- 
ally and  physically  compatible  with  the  existing  masonry.  Shims  shall  be  non-corrosive.  Mortar 
samples  will  be  required  to  determine  strength  and  composition  of  repointing  mortar. 

If  missing  stones  are  to  be  replaced,  new  stone  to  match  the  existing  sandstone 
should  be  installed.  The  stone  should  be  cut  and  tooled  to  match  the  existing.  The  material 
should  be  natural  and  allowed  to  gain  patina  naturally. 
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D.      Summary  of  Estimated  Costs 

STAPLE  BEND  TUNNEL 

ENGINEER'S  COST  ESTIMATE 

April,  1991 

S&G  No.  90783-32 

Exterior  West  Portal  $  93,900(^>^^) 

Interior  Tunnel 

Priority  1  (3)  $  58,700 

Priority  2  92,500 

Priority  3  52,600 

Exterior  East  Portal  $134,900^2) 

Other  Items 

General  Contractor  Expenses  75,000 

Construction  Access  Road  Improvements  24,700^"*^ 

Lower  Water  Vault  9.600 

Sub-Total  $541 ,900 

Allowances  for  Remote  Site  (25%)  135.500 

Preliminary  Estimated  Construction  Cost  $677,400 

Project  Contingency  (30%)  203.200 

Total  Estimated  Construction  Cost  with  Contingency  $880,600(^) 

NOTES: 

1 .  Based  on  quantities  and  unit  costs  listed  on  the  following  pages. 

2.  Assumes  all  closures  will  cost  the  same. 

3.  Priority  1  -  Required  for  public  safety  if  tunnel  is  opened. 
Priority  2  -  Optional  Item  for  public  safety. 

Priority  3  -  Not  required  for  public  safety  but  items  for  completing  the  interior. 

4.  Assumes  construction  access  up  Inclined  Plane  No.  1 . 

5.  Does  not  include  any  allowance  for  electrical,  signing,  or  other  interpretive  improvements, 
any  extra  landscape  amenities,  nor  any  design  and  construction  administration  services. 
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DETAILED  COST  BREAKDOWN 


EXTERIOR  WEST  PORTAL 

1. 

Clear  &  Grub 

LS. 

=  $  5.000 

2. 

Remove  Existing  Closure 

LS. 

=     2.000 

3. 

Remove  &  Reset  Cornice  Blocks 

15(3)  $400 

=     6.000 

4. 

Clear  Rubble 

100C.Y.@$20 

=     2.000 

5. 

Clean  Graffiti 

LS. 

=     2,000 

6. 

Shore  Tunnel  Lining 

600S.F.  @$10 

=     6.000 

7. 

15"  Culvert 

30  L.F.  @  $50 

=     1,500 

8. 

Flared  End  Sections 

2ea.  @$150 

300 

9. 

Excavation 

375  C.Y.  @  $25 

=     9,375 

10. 

Granular  Backfill 

170C.Y.(a)$25 

=     4,250 

11. 

Other  Backfill 

135  C.Y.  (S)  $25 

=     3,375 

12. 

Waterproof  Membrane 

300  S.F.  @  $1 

300 

13. 

Grouted  Stone  Pan 

150LF.  @$40 

=     6,000 

14. 

Dry  Laid  Stone  Walls 

130  C.Y  (S)  $100 

=  13,000 

15. 

Resurface  Entry 

90  tons  @  $20 

=     1,800 

16. 

Revegetate 

LS. 

=     5,000 

17. 

Open  Grill  &  Gate  w/Panelized  Infill 

=  2^.000 

Sub-Total 

$  93,900 

EXTERIOR  EAST  PORTAL 


1. 

Clear  &  Grub 

LS. 

^ 

$  6.000 

2. 

Remove  Existing  Closure 

LS. 

= 

2.000 

3. 

Clear  Rubble 

100  C.Y  @  $20 

= 

2.000 

4. 

Clean  Top  of  Existing  Wall 

LS. 

= 

1.000 

5. 

12"  Storm  Sewer 

110"  @  $40 

= 

4.400 

6. 

Flared  End  Sections 

2ea.  @$150 

= 

300 

7. 

Storm  Inlet 

2  (S)  $1,000 

= 

2.000 

8. 

Manhole 

1  @  $1,200 

= 

1.200 

9. 

Excavation 

770  C.Y  @  $25 

= 

19.250 

10. 

Granular  Backfill 

320  C.Y  @  $25 

= 

8.000 

11. 

Other  Backfill 

230  C.Y  @  $25 

= 

5,750 

12. 

Dry  Laid  Stone  Wall 

20  C.Y  @  $100 

= 

2.000 

13. 

Facade  Concrete 

55  C.Y  @  $400 

= 

22.000 

14. 

Retaining  Wall  Concrete 

45  C.Y  @  $400 

= 

18.000 

15. 

Stone  Veneer 

430  S.F.  (5)  $10 

= 

4.300 

16. 

Rock  Anchor  Bolts 

50  LF.  @  $30 

= 

1.500 

17. 

3'  Wide  Concrete  Pan 

110  LF.  (5)  $20 

= 

2.200 

18. 

Resurface  Entry 

50  tons  @  $20 

^ 

1.000 

19. 

Revegetate 

LS. 

= 

6.000 

20. 

Open  Grill  &  Gate  w/Panelized  Infill 

= 

2^,000 

Sub-Total 

$134,900 
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DETAILED  COST  BREAKDOWN  (Cont.) 
INTERIOR  TUNNEL 
Section 


Priority  <^) 


1 .  West  Masonry-Lined  Section  (1 50  feet) 

a.  Replace  Lost  Biocks  1 

b.  Repointing  1 

c.  Tunnei  Invert  Cleanup  3 

2.  Bedrock  Tunnel  Section  (600  feet) 

a.  Tunnel  Crown 

(1 )  Wedging  and  Baring  1 

(2)  Dowels  1 

b.  Tunnel  Walls 

(1 )  Break  Back  Overhangs  2 

(2)  General  Rock  Removal  2 

(3)  Sealing  Lower  Red  Sandstone  3 

c.  Tunnel  Invert  Cleanup  3 

3.  East  Masonry-Lined  Section  (1 00  feet) 

a.  Repointing  2 

b.  Tunnel  Invert  Cleanup  3 

4.  East  Concrete-Lined  Section  (50  feet) 

a.     Tunnel  Invert  Cleanup  3 

Sub-Total  Priority  1 
Sub-Total  Priority  2 
Sub-Total  Priority  3 

Tunnel  Invert  Trail  Surfacing  Priority  3  (From  Next  Page) 
Total  Interior 

NOTES: 


Cost 


$     3.500 

11.500 

3,500 


20,700 
23.000 


69.000  <2) 

20.000 

13.800 

13,800 


3.500 
2.300 


L2QQ. 

58.700 
92.500 
34,600 

19,Q00 
$203,800 


(1)  Priority  1  -  Required  for  public  safety  if  tunnel  is  opened. 
Priority  2  -  Optional  Item  for  Public  Safety. 

Priority  3  -  Not  required  for  public  safety  but  items  for  completing  the  interior. 

(2)  Break  back  overhangs  option  used. 
Deduct  $56,500  for  steel  shoring  post  option. 
Deduct  $61 ,800  for  timber  shoring  post  option. 
Deduct  $48,300  for  fenced  path  option. 
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DETAILED  COST  BREAKDOWN  (Cont.) 

GENERAL  CONTRACTOR  EXPENSES 

Mobilization/Demobilization 
Field  Office 
Bond  &  Insurance 
Sub-Total 


$  30,000 
25,000 
20.000 

$  75,000 


CONSTRUCTION  ACCESS  ROAD  IMPROVEMENTS 


Roadbase  on  Incline  No.  1 

Blading 

Removal  of  Base  Course 

Revegetation 

Clearing 

Blade  Road  Around  Hill 

Sub-Total 


500  tons  @  $20 

$  10,000 

LS. 

2,000 

500  @  $10 

5,000 

LS. 

2,000 

LS. 

2,500 

1600LF.@$2 

3.200 

$  24,700 

ARCHITECTURAL  INFILL  TREATMENT 


Closure  Option  C  with  Infill 
Open  Steel  Grill  &  Gate 
Removable  Panelized  Infill  (Aluminum  -  Infill  2) 


Options  A  &  B 

1/4"  Solid  Steel  Plate  Infill  with  Doors 


$  16,000 

10.000 

$  26,000 


$  13,000 


MISCELLANEOUS  ITEMS 


Tunnel  Invert  Trail  Surfacing 

900' X  20'  =  18,000  S.F.@$1 

Lower  Water  Vault 
Remove  Concrete 
New  Top  Slab 
Manhole  Cover 
Regrading 
Overflow  Detail 
Vent  Piping 
Misc.  Work  Inside 
Sub-Total 


$  18,000 


20.74  C.Y.@  $100 

$ 

2,075 

8.33  C.Y.  @  $500 

4,165 

LS. 

360 

LS. 

1,000 

LS. 

500 

LS. 

500 

LS. 

1.000 

$ 

9,600 
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VII.       ANCILLARY  ISSUES 

A.      Site  Improvements 

1.       Water  Vault  Structure 

The  Manufacturer's  Water  Company  (a  part  of  Bethlehem  Steel  Company)  has  a 
48"  diameter  water  main  that  passes  through  the  tunnel.  The  main  purpose  of  the  line  is  to 
provide  a  non-potable  backup  source  of  water  for  the  Bethlehem  Steel  Company.  It  has  been 
used  only  a  few  times  during  the  past  30  years,  but  Manufacturer's  Water  Company  is  desirous 
of  maintaining  it  in  proper  working  order. 

A  water  vault  structure  is  located  approximately  50  feet  west  of  the  west  tunnel 
portal.  It  is  positioned  just  off  the  centerline  alignment  for  inclined  plane  No.  1  but  fairly  cen- 
tered with  respect  to  the  axis  of  the  tunnel.  The  stmcture  is  tapered  with  a  square  shape  about 
16.5'  by  16.5'  at  the  ground  line  and  rises  eight  feet  above  the  ground.  It  interferes  with  the 
good  photographic  opportunities  for  the  west  portal  structure 

Historically,  there  was  a  42"  diameter  wood  stave  water  line  through  the  tunnel 
constructed  in  the  very  early  1900's.  This  pipe  was  replaced  by  a  steel  cylinder  core  48"  diame- 
ter concrete  pipe  with  rubber  "O"  ring  (Bureau  of  Reclamation  R-2  type)  gasketed  joints  con- 
structed in  the  early  1940's.  No  construction  drawings  have  been  located  by  Manufacturer's 
Water  Company  to  date.  The  wood  stave  line  was  removed  when  the  concrete  line  was  in- 
stalled. Based  on  the  cross-section  excavated  at  STA  3-t-OO,  the  concrete  pipe  would  have 
been  placed  very  close  to  the  alignment  and  grade  of  the  wood  stave  pipe.  This  was  the  only 
p. ace  .vhere  the  pipe  was  excavated  to  measure  its  diameter  and  top  elevation.  Within  the 
tunnel,  the  outside  diameter  of  the  pipe  was  measured  to  be  about  48"  at  the  springline  (mid- 
height)  of  the  pipe.  There  are  two  pieces  of  pipe  that  lie  along  the  Bethlehem  Steel  Company 
industrial  track  near  the  bottom  of  inclined  plane  No.  1 .  They  are  supposed  to  be  the  same  size 
as  the  pipe  through  the  tunnel  but  they  measured  to  have  a  48"  inside  diameter  with  5"  thick 
walls. 

The  concrete  water  vault  stmcture  was  built  at  the  time  the  concrete  water  line  was 
laid.  The  vault  was  built  as  an  air  and  vacuum  relief  vault  plus  an  overflow  structure  to  control 
the  gravity  head  on  the  pipe.  The  vault  was  constructed  with  a  shaped  channel  invert  to  carry 
the  water  through  the  vault  as  an  open  conduit.  During  September,  1965,  Manufacturer's  Water 
Company  closed  the  gap  in  the  vault  by  installing  a  48"  diameter  steel  pipe  through  the  vault. 
See  Photo  on  Figure  10.  The  infill  pipe  contained  a  vertical  tee  with  a  30"  diameter  flanged 
plate  cover  and  6"  pipe  with  elbow  and  gate  valve  to  act  as  an  air  release  during  filling  the  line. 
In  operation,  the  6"  gate  valve  was  to  be  closed  to  build  up  the  line  pressure  and  increase  the 
flow  of  water  through  the  line. 

The  man  who  operates  the  system  does  not  operate  it  that  way  any  more.  He 
presently  leaves  the  6"  gate  valve  full  open  at  all  times  so  the  pipe  functions  as  it  did  in  the  early 
1940's  when  it  was  initially  installed. 

In  a  meeting  with  Manufacturer's  Water  Company  on  August  22,  1990,  it  was 
verbally  agreed  that  the  flanged  cover  plate  along  with  the  6"  elbow  and  valve  could  be  unbolted 
from  the  vertical  tee  inside  the  vault  and  removed  and  the  top  slab  of  the  vault  lowered.  Based 
on  available  photographs,  it  has  been  estimated  that  the  top  of  the  vault  could  be  lowered  6.5  to 
7.0  feet.  Air  venting  of  the  vault  would  be  required  and  an  access  manhole  placed  in  the  recon- 
structed top.  By  mounding  up  to  the  lowered  structure,  the  visual  impact  of  the  vault  structure 
for  viewing  the  west  portal  would  be  nearly  eliminated. 
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Photo   courtesy  of  Manufacturers  Water  Co, 
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FIGURE 


Changing  the  alignment  of  the  water  line  so  that  is  would  not  run  through  the 
tunnel  has  been  investigated  by  Manufacturer's  Water  Company.  This  option  was  determined 
to  be  too  difficult  and  too  costly  to  be  practical.  Thus,  an  agreement  was  reached  that  a  perma- 
nent easement  would  be  granted  through  the  tunnel  for  the  water  line  at  the  time  the  Depart- 
ment of  the  Interior  acquires  the  land  with  the  tunnel. 

2.       Electrical/Lighting 

The  interior  of  the  tunnel  is  basically  shades  of  gray  that  absorb  the  majority  of 
light  from  any  source.  No  measurements  have  been  made  on  the  absorption  characteristics  of 
the  walls.  However,  from  the  description  of  the  conditions  given  to  an  illumination  engineer,  he 
estimated  that  a  minimum  of  80%  of  the  light  would  be  absorbed.  In  an  up-lighting  condition,  it 
is  estimated  that  it  would  take  56  kilowatts  of  power  (140-400  watt  bulbs)  to  provide  illumination 
with  a  minimum  residual  of  4  foot-candles  of  light  at  every  point  in  the  tunnel.  Safety  and  specif- 
ic interpretive  opportunities  would  more  appropriately  establish  values  to  be  used  in  design. 

Power  is  available  along  the  Conrail  alignment  that  parallels  the  historic  trace 
along  the  north  side.  No  formal  contacts  have  been  made  regarding  the  actual  availability  of 
power  since,  at  present,  this  subject  is  beyond  the  scope  of  this  project.  However,  three  align- 
ments may  be  available  to  the  site  for  consideration:  1)  to  bury  a  feed  line  along  the  2.1  miles  of 
the  historic  trace  from  County  Road  11018;  2)  to  bury  a  feed  line  along  Inclined  Plane  No.  1 
from  the  southwest,  or  3)  to  make  a  connection  just  north  of  the  east  portal  and  bury  the  line  in 
the  slope  from  the  railroad  right-of-way  up  to  the  historic  trace.  Alternatives  2  and  3  would 
probably  require  easements  across  land  outside  the  proposed  acquisition  limits  for  this  National 
Park  Service  project. 

B.      Tunnel  Access 

1.  Public  AQQgsS 

Staple  Bend  Tunnel  is  located  in  Cambria  County  northeast  of  Johnstown,  Penn- 
sylvania. The  site  can  be  reached  by  taking  U.S.  Highway  219  to  Summerhill  and  then  traveling 
west  on  Pennsylvania  State  Route  3030  (County  Road  11021)  to  Mineral  Point.  At  Mineral 
Point  turn  south  on  County  Road  11018  for  approximately  0.5  miles  to  where  the  County  Road 
intersects  the  historic  railroad  trace.  Direct  access  to  the  tunnel  is  then  westerly  along  the  trace. 

It  is  approximately  2.1  miles  from  County  Road  11018  along  the  trace  to  the  east 
portal  of  the  tunnel.  The  alignment  is  somewhat  curvilinear  but  generally  follows  a  very  gentle 
downward  slope  of  0.3%±.  The  existing  condition  of  the  trace  is  seriously  overgrown  with 
Japanese  Bamboo  planted  in  the  past  to  revegetate  the  adjacent  area  and  has  become  a 
nuisance  plant  growth  along  the  route.  Many  of  the  stone  sleepers  are  still  in  place.  During  the 
summer,  water  is  present  almost  continuously  along  much  of  the  trace,  the  water  sources  are 
from  several  active  seeps  and  a  number  of  locations  which  carry  surface  runoff  from  frequent 
rainfall.  With  the  flat  nature  of  the  alignment,  rainwater  and  water  from  other  onsite  sources  has 
ponded  in  large  potholes.  With  continued  traffic,  material  becomes  saturated  and  suspended 
causing  the  material  to  be  pumped  and  splashed  out  of  the  holes.  Some  of  these  puddles  have 
increased  in  size  to  the  point  of  making  travel  in  two  wheel  drive  vehicles  extremely  difficult. 
Without  improving  the  trace,  construction  traffic  will  be  significantly  slowed  and  will  cause  exist- 
ing problems  to  worsen. 

2.  Public  Safety 

This  section  addresses  the  question  of  safety  within  the  tunnel  if  it  should  be 
>  opened  to  the  general  public.  The  reference  for  these  issues  is  Code  of  Federal  Regulations 
'  30:  MINERAL  RESOURCES  (CFS  30).  Specific  concerns  would  include:  a)  tunnel  integrity,  b) 
I'  air  quality,  c)  fire  safety,  d)  emergency  situations,  e)  communications,  and  f)  lighting. 
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a.  Tunnel  Integrity 

Specific  recommendations  for  insuring  structural  integrity  of  the  tunnel  are 
presented  in  Section  6  (Tunnel  Remediation)  of  Attacfiment  II.  Assuming  the  tunnel  will  be 
closed  to  public  access  during  the  winter,  the  tunnel  should  be  inspected  each  spring  prior  to 
reopening  to  the  public.  Any  observations  of  distress  or  evidence  of  new  rockfalls  within  the 
tunnel  during  the  winter  should  be  investigated  and  resolved  prior  to  reopening  the  tunnel  to 
public  access. 

National  Park  Service  (NPS)  staff  should  insure  that  the  tunnel  is  properly 
ventilated  prior  to  permitting  public  access.  Generally  this  will  involve  opening  the  portal  doors 
up  to  one-half  hour  before  public  entry  to  allow  convective  air  exchange  within  the  tunnel.  This 
will  not  be  required  if  the  open  grill  closure  is  used  and  the  infill  panels  are  not  in  place. 

CFR  30  Part  57,  Subpart  N  addresses  personnel  protection.  The  NPS  may 
have  to  provide  hard  hats  for  persons  entering  the  tunnel. 

b.  Air  Quality 

Federal  Regulation  CFR  30  Part  57,  Subparts  D  and  G  address  air  quality 
requirements  for  active  tunnels/mines.  Staple  Bend  Tunnel  was  competed  in  1834  and  being 
an  inactive  tunnel  does  not  appear  to  fall  under  these  regulations.  Nevertheless,  air  quality 
should  be  a  major  concern  for  the  NPS.  With  a  900-foot  tunnel,  ambient  air  quality  can  be  readi- 
ly controlled  by  allowing  natural  convective  air  circulation  throughout  the  tunnel.  This  will  re- 
quire provision  for  opening  both  ends  of  the  tunnel  prior  to  public  entry.  The  age  of  the  tunnel 
and  the  lack  of  major  carbonaceous  layers  in  the  exposed  rock  strata  indicate  there  will  be  little 
if  any  methane  gas  in  the  tunnel.  The  only  air  quality  problem  would  be  carbon  dioxide  accumu- 
lation if  unventilated  during  heavy  use.  The  bedrock  strata  observed  in  the  tunnel  do  not  gener- 
ally emit  radon  gases;  however,  this  should  be  checked  annually  until  five  consecutive  readings 
fail  to  indicate  any  problem.  If  radon  gas  is  detected,  regular  ventilation  should  adequately 
protect  the  public  against  excess  exposure. 

c.  Fire  Safety 

CFR  30  Part  57,  Subpart  C  addresses  fire  safety.  There  are  no  combustible 
materials  within  the  tunnel  which  could  constitute  a  fire  hazard.  The  only  possible  fire  hazard 
risk  would  be  if  one  or  more  of  the  exposed  coal  and/or  carbonaceous  shale  beds  should  be 
deliberately  ignited.  Portable  fire  extinguishers  should  be  provided  at  each  entrance  in  case  of 
emergency.  Emergency  exits  at  both  portals  would  provide  egress  at  a  maximum  450  feet 
distance  from  within  the  tunnel. 

d.  Emergency  Situation 

CFR  30  Part  57,  Subparts  Q  and  N  address  safety  and  emergency  situations. 
Federal  regulations  for  mine  safety  require  that  an  emergency  plan  be  established  and  that  NPS 
personnel  be  trained  to  respond  to  emergency  situations  identified  in  the  plan.  Since  Staple 
Bend  Tunnel  is  approximately  2  miles  from  the  nearest  access  road,  the  plan  should  include 
procedures  and  identify  resources  such  as  med-evac  helicopters  to  assist  persons  who  may 
experience  medical  emergencies  or  accidents.  First  aid  material  must  be  available.  Emergency 
access  along  the  Conrail  railroad  track  should  be  negotiated  with  Conrail. 

e.  Communications 

CFR  30  Part  57,  Subpart  Q  also  addresses  communication.  If  NPS  personnel 
participate  in  any  active  interpretive  effort  within  the  tunnel,  two-way  radio  communication 
should  be  provided  with  backup.  The  radios  should  be  capable  of  reaching  the  nearest  NPS 
base  station  or  repeater  station  as  well  as  the  nearest  medical  facility. 
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f.      Lighting 

CFR  30,  Part  57,  Subpart  P  addresses  illumination  requirements.  Subpart  K 
addresses  electrical  power  supply  requirements.  These  will  need  to  be  addressed  as  part  of  the 
design  of  tunnel  modifications  and  interpretive  efforts.  Potential  power  sources  have  been 
discussed  above  in  Part  A,  2  (Electrical/Lighting). 

3.  Construction  Access 

As  noted  above  in  Part  1  on  Public  Access,  the  existing  railroad  trace  east  of  the 
tunnel  would  require  protection  during  construction  if  the  heavy  traffic  were  to  use  this  route.  It 
was  observed  that  more  convenient  access  to  the  tunnel  might  be  gained  along  the  access  road 
on  Bethlehem  Steel  Company  property  adjacent  to  the  Conrail  railroad  right-of-way  near  the 
bottom  of  inclined  plane  No.  1.  Some  minor  grading  would  be  required  to  get  from  the  access 
road  onto  the  inclined  plane.  The  surface  of  the  inclined  plane  might 

need  to  be  protected  by  adding  a  driving  surface  if  there  is  any  presence  of 
archeological  items  that  need  to  be  preserved.  This  option  should  be  given 
further  consideration. 

4.  Interpretive  Opportunities 

Staple  Bend  Tunnel  offers  numerous  interpretive  opportunities  for  the  NPS.  In 
addition  to  the  historical  aspects  identified.by  Sellards  &  Grigg,  Inc.,  there  are  opportunities  to 
show  the  public  a)  the  methods  of  tunnel  construction  c.  1830-1835,  b)  geologic  faults,  folds, 
and  strata,  c)  fossil  plants  of  the  Pennsylvanian  age  (250-300  million  years  ago),  and  d) 
changes  in  the  life  and  use  of  a  tunnel. 

a.    Tunnel  Construction  Methods 

A  detailed  explanation  of  the  tunneling  methods  is  presented  by  A.  Berle 
Clemensen  in  Chapter  III  of  Attachment  I.  In  general,  once  the  overburden  and  loose  rock  had 
been  removed  at  each  portal  and  a  suitable  bedrock  face  exposed  (i.e.,  minimum  rock  cover 
above  the  tunnel  crown),  the  miners  would  initiate  tunneling  by  drilling  holes  into  the  bedrock  in 
which  to  insert  black  powder  for  blasting.  Initially,  several  drill  holes  would  be  advanced  into  the 
face  to  form  a  cone.  Once  these  holes  were  loaded  and  shot,  a  new  set  of  drill  holes  would  be 
made  to  enlarge  the  initial  cone  out  to  the  final  rough  dimensions  of  the  tunnel.  Finally,  crews 
would  proceed  along  the  tunnel  drilling  and  blasting  any  "tights"  (i.e.,  rock  fragments  that  extend 
inside  the  minimum  tunnel  cross-section)  that  would  damage  trains  passing  through  the  tunnel. 

At  numerous  points  along  the  tunnel,  the  remnants  of  drill  holes  used  to 
remove  tights  can  be  observed.  Interpretive  effort  would  be  directed  at  explaining  the  tunneling 
method  with  particular  emphasis  on  the  fact  that  drilling  a  typical  3-foot-long  hole  took  up  to 
three  hours  of  hard  effort  using  a  three-man  crew.  Today,  drilling  a  3-foot-long  hole  using 
modern  compressed  air  driven  equipment  can  be  done  in  under  10  minutes  by  one  man. 

Once  a  section  of  tunnel  had  been  drilled,  loaded,  and  shot,  the  most  danger- 
ous part  of  the  work  involved  inspecting  the  face  to  remove  any  loose  rock  so  that  the  shot  rock 
rubble  could  be  safely  removed.  This  was  a  job  for  experienced  miners.  The  shot  rock  was 
removed  from  the  tunnel  and  used  to  create  the  fill  railroad  grade  east  of  the  tunnel  and  the  No. 
1  inclined  plane. 
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Once  the  tunneling  from  both  portals  met  to  form  the  initial  tunnel  opening 
(i.e.,  "holed  through")  and  the  tunnel  enlarged  out  to  final  dimensions,  the  tunnel  portals  were 
protected  by  construction  of  two  masonry-lined  sections.  The  purpose  of  these  lined  sections 
was  twofold.  First,  the  rock  near  the  portals  was  the  most  weathered  since  it  was  nearest  the 
original  bedrock  surface  and  required  permanent  support  against  "rockfalls"  for  safety.  Second, 
with  a  high  rock  face  above  the  tracks,  any  debris  falling  from  the  slope  above  could  severely 
damage  the  tracks  or  trains.  The  portal  liners  extend  beyond  the  original  rock  face  to  provide 
safety  against  rock  and  debris  falls. 

The  portal  facades  and  adjacent  dry  laid  masonry  walls  were  part  of  the  over- 
all liner  system  design.  However,  as  with  most  major  civil  works  of  the  day,  the  facades  were 
made  ornate  to  impress  the  general  public  with  the  scope  and  complexity  of  the  work,  provide 
the  image  that  the  project  costs  were  justified,  and  to  help  attract  travelers  to  the  project  for 
revenue. 

b.  Geologic  Setting 

The  regional  and  site  geology  of  the  project  are  discussed  in  Section  2,  Physi- 
ography and  Regional  Geologic  Setting,  Attachment  III.  Significant  interpretive  values  include 
faults  such  as  at  STA  6+50  and  the  coal  bed  between  STAS  6+00  and  7+50.  The  various 
bedrock  strata  have  been  identified  and  the  basic  geologic  structure  of  the  Staple  Bend  Ridge 
discussed.  Section  2,  Attachment  II  concludes  that  the  tunnel  axis  coincides  with  the  axis  of  an 
anticline  structure.  An  anticline  is  a  bedrock  structure  formed  when  the  bedrock  is  pushed  up 
into  a  vertical  fold  and  forms  a  ridge.  A  syncline  would  be  a  valley  between  anticlines. 

c.  Fossil  Trees 

At  numerous  locations  in  the  tunnel  crown,  such  as  at  STA  1+90,  the  fossil- 
ized remnants  of  trees  of  Pennsylvanian  Age  were  observed.  These  fossil  appear  to  be  so 
called  "scale"  trees.  As  the  tree  grows,  the  leaf  structure  dies  and  falls  off  leaving  a  scale  on  the 
trunk  and  limbs  similar  to  some  of  the  modern  palm  trees.  From  the  limited  exposures,  the 
fossils  observed  at  Staple  Bend  Tunnel  appear  to  be  Lepidophloios,  although  other  species  may 
be  present.  An  expert  in  Pennsylvania-age  fossil  trees  should  be  retained  to  confirm  identity  of 
the  observed  fossils. 

d.  Life  of  a  Tunnel 

An  interesting  interpretive  value  exists  in  documenting  the  use  of  the  tunnel 
from  its  initial  construction  to  today.  Although  constructed  originally  as  a  tunnel  for  the  Alleghe- 
ny Portage  Railroad,  its  use  was  quickly  outmoded  as  conventional  railroads  were  rapidly 
extended  through  the  area  by  1853  and  the  barge  canal  system  was  abandoned.  After  years  of 
disuse,  the  tunnel  was  used  as  a  shortcut  for  the  Bethlehem  Steel  Company  water  supply  line. 
Initially,  this  consisted  of  a  wood  stave  penstock  (c.  1905),  as  evidenced  by  remnant  hoop  rods 
and  wood  stave  fragments  obsen/ed  in  the  tunnel.  In  the  1940s  the  wood  stave  penstock  was 
replaced  by  a  48-inch  diameter  reinforced  concrete  pipe.  In  the  1940s,  50  feet  of  the  east  portal 
was  lined  with  concrete  due  to  lateral  translation  of  the  original  masonry  arch.  Finally  Staple 
Bend  Tunnel  is  now  being  evaluated  as  an  historic  site  for  public  access  and  interpretation.  Any 
new  safety  work  such  as  bolting,  rock  removal,  or  shoring  posts  could  also  be  interpreted. 

e.  Limited  Access 

One  of  the  better  view  areas  of  plant  fossils,  as  discussed  above,  is  about  40 
feet  past  the  east  lining  of  the  tunnel  near  STA  7+10.  If  tunnel  access  were  limited  to  the  east- 
ern 175  to  200  feet  of  the  tunnel,  visitors  could  observe  the  concrete  lining,  dressed  stone  lining, 
rough  excavated  rock  tunnel,  and  some  of  the  fossils. 
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f.      Miscellaneous 

The  following  areas  offer  additional  interpretative  opportunities  at  Staple  Bend 
Tunnel: 

A  short  section  of  track  could  be  installed  In  the  tunnel  using  sleepers  sal- 
vaged from  along  the  railroad  trace.  This  would  show  the  tight  space 
within  the  tunnel. 

A  set  of  manikins  could  be  placed  to  show  the  method  of  drilling  the  blast 
holes  during  construction.  An  area  could  be  set  up  where  visitors  could 
use  a  hammer  and  drill  on  a  piece  of  local  bedrock  to  illustrate  effort 
required  to  make  a  blast  hole. 

Install  spot  lighting  to  highlight  geologic  features  such  as  strata,  faults, 
folds,  or  fossils. 

Prepare  interpretive  brochure  with  photos  of  key  items  for  self-guided 
tours. 

*  Remnants  of  the  wood  stave  penstock  could  be  interpreted. 

*  The  current  Bethlehem  Steel  company  water  line  could  be  interpreted. 
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VIII.  PHOTOGRAPHS 
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West  End,  1990 
View  from  north  side. 


West  End.  1990 
View  of  south  side. 
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West  End,  1990 


West  End,  1990 
Back  side  of  cornice. 
Note  vegetation. 
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West  End,  1990 

View  of  horizontal  displacement  of  pilaster  on  south  side  of 

facade. 
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West  End,  1990 

Top  view  of  water  vault  west  of  portal. 
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West  End.  1990 

View  of  displaced  stone  near  top  of  north  side. 


1990 

Station  8+50.  Start  of  concrete  lining.  Note  top  was  formed  by 

tunnel  liner  plate  and  bottom  was  formed  using  boards. 
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East  End,  1990 

View  of  lined  portion  near  east  end  at  Sta.  7+50. 


Unlined  Rock  Tunnel,  1990 

View  of  bedrock  tunnel  looking  west  at  Sta.  7+50. 

Haze  is  from  high  humidity. 
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1990 

Samples  of  painted  and  chiseled  graffiti. 


1990 

Samples  of  painted  and  chiseled  graffiti. 
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1990 

Graffiti  on  parapet  facing. 


East  End,  1990 

View  illustrates  relative  height  of  dry-laid  retaining  wall. 
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West  End,  1 990 

Retaining  walls  are  missing. 

Grade  has  sloughed  and  covers  portions  of  stone  base. 

Excessive  growth  aids  deterioration. 
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West  End,  1990 
Retaining  wall  missing. 
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West  End,  1990 

Only  portion  of  retaining  wall  remains. 

Grade  is  substantially  higher  than  historically. 


West  End,  1990 

Parapet  deterioration  similar  to  1920  photo. 
South  elevation  has  minor  deterioration. 
Column  stones  have  been  displaced  outward  ±  1 ". 
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West  End.  1990 

Water  related  structure  partially  obscures  view  and  is  built 

on  historic  foundation. 
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West  End,  1990 

Looking  down  incline. 

Water  related  structure  partially  obscures  incline. 
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West  End,  1990 

View  from  southwest. 

Retaining  wall  less  than  half  original  height. 

Plant  growth  aids  deterioration. 


West  Facade,  1 990 

Parapet  stone  (north  end). 

Stone  slightly  dislodged.  Mortarless  joint.  Edges  are  tooled. 

Note  slot  in  center  (typical  each  parapet  stone). 
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West  End,  1990 

View  of  rear  of  north  end  of  parapet. 

Note  rotated  stone. 


,r 


1 

9 

t 

^^SH^^V^lii  <■    -^limM,. 

West  End.  1990 

Elevation  of  north  end. 

Note  pebbled  texture  and  stone  tooling. 
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West  End,  1990 

Rear  of  facade  parapet. 


West  End,  1990 

Parapet  stones,  north  end  wall. 

Stone  is  rotated  ±  70°  from  original. 

One  stone  has  fallen  and  lies  at  facade  base. 
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West  End.  1990 

Parapet  stones. 

Cornice  deterioration  is  consistent  with  historic  photos  of 

1910  and  1920. 

Broken  stones  appear  to  be  sheared  off  by  vandals. 
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East  End,  1990 

Overgrown  Entry. 

Concrete  liner  with  concrete  block  infill. 


East  End.  1990 

Concrete  lining  conforms  to  dislodged  stones. 

Rubble  stone  was  used  as  retaining  between  arch  stones 

and  column  base  remnant. 
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East  End,  1 990 

Beveled  and  tooled  arch  stones. 


East  End,  1990 

Dislodged  arch  stones  at  north  side. 

Stones  have  moved  slightly  from  concrete  lining  indicating 

continued  failure. 
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East  End,  1 990 

Portion  of  original  column  base  at  north  end  with  non- 
historic  infill  stone. 
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East  End,  1990 

View  of  arch  construction  at  south  side. 

NOTE:  Two  stone  lengths  at  beginning  of  coursing. 

Earth  cover  is  non-existent. 
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INTRODUCTION 


Staple  Bend  Tunnel  is  located  on  a  two  and  one-half  mile  bend  in  the  Little  Conemaugh 
River  in  Conemaugh  Township  of  Cambria  County,  Pennsylvania.  Constructed  between 
November  1831  and  June  1833,  it  served  as  the  first  railroad  tunnel  in  the  United  States. 
As  part  of  the  Allegheny  Portage  Railroad.the  tunnel  and  that  transportation  line  were 
viewed  as  an  engineering  marvel  in  their  day.  Although  missing  the  facade  on  its  east 
portal,  the  tunnel  remains  today  as  a  reminder  of  a  long  past  transportation  era  which 
permitted  the  rapid  settlement  of  the  nation's  hinterland.  Its  link  with  the  eastern  seaboard 
helped  to  bring  a  redirection  of  trade  and  commerce  away  from  shipping  down  the  Ohio 
and  Mississippi  rivers  and  thus  maintained  Philadelphia  as  a  leading  port. 
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CHAPTER  I 


I.  BACKGROUND 

In  the  larger  context  of  Pennsylvania  transportation,  the  Staple  Bend  Tunnel  on  the 
Allegheny  Portage  Railroad  formed  only  a  small,  but  significant,  segment  of  the  total  canal 
and  railroad  network  developed  by  that  state.  It  served  on  a  communication  route  which 
connected  Philadelphia  with  Pittsburgh.  The  tunnel's  completion  signaled  the  end  of  a  long 
desired  goal  to  link  the  state's  western  area  to  Philadelphia  although  a  general  movement 
to  develop  such  a  transportation  system  began  only  ten  years  prior  to  Its  attainment. 

A.        Early  Communication  Proposals 

The  earliest  suggestion  for  the  development  of  a  route  to  western 
Pennsylvania  was  advanced  before  the  American  Revolution.  This  proposal  in  1760  called 
for  a  Juniata-Allegheny  passage.  Nothing  more,  however,  was  heard  of  it  until  1786.  At 
that  point  a  debate  began  on  the  desire  for  a  canal  to  cross  the  state.  The  discussion 
reached  sufficient  magnitude  by  the  fall  of  1790  that  one  promoter,  Daniel  McClay,  began 
to  look  for  a  water  route  from  the  mouth  of  Stony  Creek  (Johnstown)  to  Poplar  Run  on  the 
Franktown  branch  of  the  Juniata  River.  In  1791,  based  upon  his  survey,  a  committee  in 
the  state  legislature  recommended  that  the  Juniata,  Little  Conemaugh,  and  Kiskiminitas 
rivers  be  made  navigable  and  that  a  portage  road  be  built  over  the  Allegheny  Mountains. 
The  suggestions  were  not  taken  seriously,  however,  until  New  York  began  to  build  the  Erie 
Canal.' 

Any  thought  of  a  canal  languished  until  1813.  At  that  time  David  Reid  and  James 
Clark  brought  a  canal  proposal  before  the  state  legislature,  but  it  did  not  receive  favorable 
attention.  It  was  not  until  ten  years  later  in  1823  that  a  true  canal  craze  began  in 
Pennsylvania.  In  that  year  large  sections  of  the  Erie  Canal  opened.  Reports  circulated 
about  the  rapid  development  of  the  area  through  which  that  canal  ran  and  the  large  toll 
revenues  derived  from  the  traffic.  As  a  result,  Pennsylvania  delegates  attended  a  canal 
convention  in  Washington,  D.C.  on  November  6,  1823,  but  they  did  not  succeed  in  getting 
federal  aid  for  a  state  canal  system.^ 

Although  Pennsylvanians  failed  to  attract  federal  aid,  their  efforts  began  to  bear 
fruit  in  their  state  assembly.  A  mainline  canal  bill,  which  had  been  introduced  in  the 
legislature  in  1823,  was  favorably  reported  in  December  of  that  year.  It  became  law  on 
March  27,  1824.  The  act  provided  for  a  three-member  Board  of  Canal  Commissioners 
who  were  charged  with  surveying  three  possible  canal  routes  between  Philadelphia  and 


1.  Julius  Ruibin,  "Canal  or  Railroad?  Imitation  and  Innovation  in  the  Response  to  the  Erie  Canal  in 
Philadelphia,  Baltimore,  and  Boston,"  vol.  51,  part  7  of  Transactions  of  the  American  Philosopfiical  Society 
(Philadelphia:  The  American  Philosophical  Society,  1961),  19;  Ear!  J.  Heydinger,  "Comprehensive  History  of 
the  Pennsylvania  Canal  System,  with  Particular  Attention  to  the  Allegheny  Portage  Railroad,  Portion:  Plane 
#1,  Staple  Bend  Tunnel  and  Long  Level,"  (June  1966),  IV:1-2,  typescript  in  the  Allegheny  Portage  National 
Historic  Site  library. 

2.  Thomas  S.  Reid,  "Progressive  Historian  of  Western  Pennsylvanian,"  Indiana  Times  (Pennsylvania), 
March  1,  1882;  Award  L.  Bishop,  "Corrupt  Practices  Connected  with  the  Building  and  Operation  of  the  State 
Works  of  Pennsylvania,"  Yale  Review  15(February  1907),  391;  Robert  f^cCullough  and  Walter  Leuba,  The 
Pennsylvania  Main  Line  Canal  (York,  Pa.:    The  American  Canal  and  Transportation  Center,  1976),  18. 
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Pittsburgh.    Governor  John  Schuize  appointed  the  canal  board  four  days  later  and  asked 
that  it  make  its  survey  report  in  December  1824.^ 

The  canal  commissioners  began  work  immediately  despite  their  inability  to  attract 
a  competent  engineer.  Unable  to  reach  a  mutual  agreement  or  meet  the  December 
deadline,  the  commissioners  produced  two  reports.  In  February  1825  two  members 
recommended  a  continuous  canal  between  Philadelphia  and  Pittsburgh  with  a  four-mile 
tunnel  under  the  Allegheny  summit.  They  proposed  a  route  along  the  Susquehanna  and 
Juniata  rivers  in  the  east  and  the  Conemaugh  and  Allegheny  rivers  in  the  west.  The  third 
commissioner  followed  with  a  minority  report  in  which  he  took  exception  to  the  route  as  too 
mountainous  and  particularly  scoffed  at  the  tunnel  proposal." 

In  the  meantime  a  group  composed  principally  of  Philadelphia  merchants  organized 
the  Pennsylvania  Society  for  the  Promotion  of  Internal  Improvements  in  the  Commonwealth 
in  late  1824.  Led  by  Mathew  Carey,  this  organization  espoused  a  railroad  to  connect 
Philadelphia  with  Pittsburgh.  In  their  zeal  to  develop  a  railroad,  the  group  helped  organize 
an  Internal  Improvement  Convention  which  met  at  Harrisburg  from  August  4  to  6,  1825. 
The  preponderance  of  the  aelegates,  however,  favored  a  canal.  Although  the  railroad 
proponents  continued  to  press  their  position,  they  lost  their  impetus  when  the  chief  railroad 
exponent,  Mathew  Carey,  switched  to  favor  a  canal.^ 

Although  popular  sentiment  throughout  the  state  favored  a  canal,  there  was  little 
agreement  on  the  canal  route.  As  a  result  of  petitions  from  various  areas  of  the  state, 
the  legislature  passed  a  new  act  which  became  law  on  April  11,  1825.  It  established  a 
five  member  Board  of  Canal  Commissioners.  Organized  in  July,  this  board  was  charged 
with  examining  seven  possible  canal  routes  between  the  east  and  west  areas  of  the  state 
and  selecting  one  route  for  construction.^ 


3.  Rubin,  "Canal  or  Railroad?"  20;  William  Bender  Wilson,  "The  Evolution,  Decadence  and  Abandonment 
of  the  Allegheny  Portage  Railroad,"  in  Annual  Report  of  the  Secretary  of  Internal  Affairs  of  tf)e  Commonwealth 
of  Pennsylvania  for  the  Year  Ending  June  30,  1899,  Part  IV:  Railroad,  Canal,  Navigation,  Telegraph  and 
Telephone  Companies  (Philadelphia:  Wm.  Stanley  Ray,  1900),  XL!;  Tenth  Census  of  the  United  States: 
Transportation  (Washington,  D.C.:  Government  Printing  Office,  1883),  736-737;  Harry  A.  Jacobs,  "The  Old 
Juniata  Canal  and  Portage  Railroad,"  in  George  A.  Wolf,  ed.,  Blair  County's  First  Hundred  Years,  1846-1946 
(Altoona,  Pa.:  The  Mirror  Press,  1945),  159;  George  Johnson,  Earl  Giles,  and  Ralph  Michaels,  "Johnstown  and 
the  Pennsylvania  Canal,  in  Karl  Berger,  ed.,  Johnstown:  The  Story  of  a  Unique  Valley  (Johnstown,  Pa.: 
Johnstown  Flood  Museum,  1985),  215;  Tarring  S.  Davis  A  History  of  Blair  County,  vol.  1  (Harrisburg,  Pa.: 
National  Historical  Association,  Inc.,  1931),  48;  Hubertis  M.  Cummings,  Pennsylvania  Board  of  Canal 
Commissioners'  Records  (Harrisburg,  Pa.:  Bureau  of  Labor  Records,  1959),  1;  Howard  M.  Jenkins,  ed., 
Pennsylvania:  Colonial  and  Federal,  vol.  3  (Philadelphia:  Pennsylvania  Historical  Publishing  Assn,  1903),  279; 
McCullough  and  Leuba,  The  Pennsylvania  Main  Line  Canal,  18;  J.E.  Watkins,  "The  Portage  Railroad  and  the 
New  Portage  Railroad,"  147,  unpublished  manuscript  (1896)  in  Allegheny  Portage  Railroad  National  Historic  Site 
library;  Thomas  A.  Logue,  "History  of  Old  Portage  Railroad,"  Altoona  Mirror  (Pennsylvania),  February  13,  1939; 
Thomas  J.  Chapman,  The  Valley  of  the  Conemaugh  (Altoona,  Pa.:    McCrum  &  Dern,  1865),  79. 

4.  Rubin,  "Canal  or  Railroad?"  20-21;  Wilson,  "The  Evolution,  Decadence  and  Abandonment  of  the 
Allegheny  Portage  Railroad,"  xlii-xliii;  Jacobs,  "The  Old  Juniata  Canal  and  Portage  Railroad,"  159;  Jenkins, 
Pennsylvania  Colonial  and  Federal,  111:279;  McCullough  and  Leuba,  The  Pennsylvania  Main  Line  Canal,  18; 
Logue,  "History  of  Old  Portage  Railroad." 

5.  McCullough  and  Leuba.  The  Pennsylvania  Main  Line  Canal,  18;  Rubin,  "Canal  or  Railroad?"  25-29; 
Logue,  "History  of  Old  Portage  Railroad;"  Chapman,  The  Valley  of  the  Conemaugh.  79. 

6.  Cummings,  Pennsylvania  Board  of  Canal  Commissioners'  Records,  2;  Rubin,  "Canal  or  Railroad?"  25; 
Wilson,  "The  Evolution,  Decadence  and  Abandonment  of  the  Allegheny  Portage  Railroad,"  xliii;  Jenkins, 
Pennsylvania:    Colonial  and  Federal,  111:280;  Logue,  "History  of  Old  Portage  Railroad." 


The  1826  legislative  session  opened  with  a  great  desire  to  begin  construction  on 
a  canal.  Although  the  canal  board  had  not  made  its  report  on  the  survey  of  the  seven 
routes,  the  legislature  passed  a  canal  construction  act  which  became  law  on  February  25, 
1826.  it  called  for  an  uninterrupted  waterway  from  Philadelphia  to  Pittsburgh  to  be  built  at 
state  expense  and  to  be  called  the  Pennsylvania  Canal.  Over  three  months  later,  on  June 
3,  the  canal  commissioners  reported  to  Governor  Schuize  that  the  Juniata  route  was  their 
choice,  but  they  recommended  against  a  tunnel  under  the  Allegheny  Mountain.  In  lieu  of 
a  tunnel  they  proposed  a  portage  railroad.^ 

Although  canal  construction  began  on  July  4,  1826,  further  survey  work  was  needed. 
A  decision  also  had  not  been  made  on  whether  to  build  a  tunnel  under  the  Allegheny 
Mountain  or  a  portage  railroad  over  it.  Canvass  White,  as  engineer  in  charge,  conducted 
another  survey  in  the  latter  part  of  1826  to  solve  the  Allegheny  Mountain  dilemma.  He 
recommended  a  portage  railroad.  His  assistant,  George  Olmstead,  supported  a  railroad, 
but  reported  on  January  30,  1827  that  he  did  not  have  enough  time  to  determine  a  route. 
Despite  this  opinion  no  decision  was  reached  in  1827  because  the  public  still  favored  an 
all-water  route.® 

The  thoughts  of  the  Canal  Board  obviously  tended  toward  a  portage  railroad  over 
Allegheny  Mountain.  On  March  26,  1828,  they  assigned  one  of  their  members,  Abner 
Lacock,  the  task  of  having  a  portage  survey  done.  He  appointed  Nathan  Roberts,  an 
engineer,  to  accomplish  the  survey.  Beginning  June  14,  1828,  Roberts  made  an  extensive 
examination  of  Allegheny  Mountain.  He  concluded  in  his  report  on  December  1  of  that 
year  that  a  double  portage  composed  of  a  side-by-side  railroad  and  turnpike  was  needed. 
When  Roberts  resigned  after  presenting  the  report,  Moncure  Robinson  was  appointed  on 
December  8,  1828  to  replace  him.  The  canal  commissioners  asked  Robinson  to  examine 
the  potential  of  a  portage  railroad  composed  of  lifts  and  levels  with  a  macadamized  road 
parallel  to  it.  After  making  his  survey  in  1829,  Robinson  reported  on  November  21  that  he 
wished  to  establish  a  portage  railroad  with  a  system  of  planes  and  a  one-mile  long  tunnel 
at  the  top.  It  was  to  be  thirty-eight  miles  long,  while  his  route  for  the  turnpike  had  a  fifty- 
mile  length.^ 

Neither  the  Board  of  Canal  Commissioners,  the  governor,  nor  the  legislature  could 
accept  Robinson's  plan  without  confirmation  by  other  civil  engineers.  As  a  result.  Governor 
George  Wolf  signed  a  legislative  act  on  March  17,  1830,  which  requested  more  information 
on  Robinson's  proposal.  With  this  authorization  the  canal  board  hired  Major  D.B.  Douglass 
and  Lt.  Col.  Stephen  H.  Long  of  the  United  States  Corps  of  Engineers  to  make  a  further 
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investigation.  Douglass  was  replaced  by  Major  John  Wilson  in  June  1830.  When  they 
reported  their  conclusions  in  the  fall,  Long  and  Wilson  recommended  that  only  a  railroad 
be  built.  In  their  view  it  would  use  a  route  which  crossed  Blair's  Gap  summit  and 
descended  to  Johnstown  through  the  Laural  Run  and  Little  Conemaugh  valleys.  They  saw 
no  need  for  the  mile-long  summit  tunnel  which  Robinson  wanted,  but  they  did  contemplate 
a  tunnel  approximately  1,000  feet  long  at  one  of  the  bends  of  the  Little  Conemaugh  River.^° 

Moncure  Robinson  opposed  Long  and  Wilson's  position  that  a  summit  tunnel  was 
not  necessary.  He  submitted  that  the  tunnel  would  reduce  the  route  by  five  miles  and 
eliminate  curves  on  inclined  planes.  The  canal  commissioners  accepted  Robinson's  view 
except  for  the  summit  tunnel.  As  a  result,  the  legislature  passed  "An  Act  to  Continue  the 
Improvement  of  the  State  by  Canal  and  Railroads"  which  Governor  Wolf  signed  on  March 
21,  1831.  The  final  portage  route,  however,  still  had  not  been  settled.  This  was  not 
established  until  after  Chief  Engineer  Sylvester  Welch  and  his  assistant  Moncure  Robinson 
began  work  with  their  crew  on  April  8,  1831.  They  finalized  a  route  on  May  20  which  was 
36.65  miles  long.'' 
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CHAPTER  II 


II.  THE  TUNNEL  AT  STAPLE  BEND 

On  March  30,  1831,  nine  days  after  Governor  Wolf  signed  the  act  to  construct  the 
Allegheny  Portage  Railroad,  that  segment  was  annexed  to  the  western  division  of  the 
Pennsylvania  Canal.  As  principal  engineer  for  this  area,  Sylvester  Welch,  with  his  assistant 
Moncure  Robinson,  soon  proceeded  to  locate  a  line  for  the  railroad  from  Johnstown  to 
Hollidaysburg.  Upon  determining  the  route,  the  state  appropriated  to  itself  a  strip  of  land 
120  feet  wide  along  the  entire  length  of  the  railroad.  Welch  divided  the  36.65-mile  distance 
into  thirty-five  sections  and  began  to  prepare  contracts  for  the  part  which  ran  from 
Johnstown  to  the  summit.  Contractors  submitted  their  bids  and  awards  were  made  at 
Ebensburg  on  May  25,  1831.  Corruption  often  proved  a  factor  in  contractor  selection,  for 
the  canal  commissioners  frequently  awarded  contracts  to  political  party  supporters  or  to 
friends.^ 

Welch  located  the  proposed  tunnel  at  the  Staple  Bend  of  the  Little  Conemaugh 
River  and  assigned  it  to  section  seven.    He  described  it  as 

Section  7  -  3600  feet  long.  The  line  leaves  the  creek  at  the  beginning  of  the 
section  [foot  of  inclined  plane  No.  1].  It  passes  along  the  inclined  surface  of  the 
hill  1300  feet  to  Deep  Run  Hollow,  thence  crosses  the  hollow,  400  feet,  to  the  south 
end  of  the  projected  tunnel.  On  the  last  mentioned  distance  the  embankment  will 
be  deep.  At  one  point,  it  will  equal  50  feet.  The  materials  to  form  it  will  be  taken 
principally  from  the  tunnel  and  from  the  deep  cutting  at  the  end  of  it. 

The  tunnel  is  to  be  900  feet  long.  Its  transverse  section  to  equal  a  prism  16  by 
20  feet.  The  width  at  bottom  to  be  20  feet.  At  the  ends  of  the  tunnel,  some 
masonry  will  be  required,  but  appearances  indicate  that  the  rock  is  sufficiently  hard 
and  strong  within  not  to  require  arching. 

The  form  of  the  roof  or  top  of  the  vault  will  be  determined  by  the  character  of  the 
rock.  The  hill  at  the  summit  is  195.77  feet  above  the  floor  of  the  tunnel  or  grade 
of  the  road.^ 

Welch  also  noted  that  the  remainder  of  the  section  going  north  from  the  tunnel 
would  require  a  heavy  embankment  for  about  400  feet.  He  concluded  that  the  material 
for  this  embankment  would  come  partly  from  the  tunnel.^ 

On  May  25,  1831,  J.  and  E.  Appleton  won  the  contract  to  construct  section  seven. 
The  Canal  Board  specified  that  the  tunnel  be  completed  by  May  1,  1832.  This  unrealistic 
date  was  later  changed.    Samuel  Jones,  the  immediate  superintendent  of  construction, 
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chose  Solomon  Roberts,  an  engineer,  to  oversee  the  work  on  that  section.  In  June  the 
Appletons  began  work  on  the  section  leading  to  the  tunnel.  It  was  not  until  November  21, 
1831,  however,  that  work  began  on  the  tunnel  with  excavation  occurring  at  both  ends.  The 
following  day  it  snowed  and  the  weather  turned  intensely  cold.  Despite  the  inclement 
conditions  the  men  continued  to  work." 

Prior  to  construction,  the  Appletons  built  a  housing  facility  at  the  tunnel  site  for  their 
workforce.  Since  tunnel  construction  was  in  its  infancy  in  the  United  States,  the  men  hired 
to  dig  the  tunnel  would  have  been  miners.  The  skilled  workers  were  undoubtedly  of  Welsh 
extraction  while  the  labor  force  no  doubt  consisted  of  Irishmen.  The  men  were  paid  $13.00 
per  month  plus  board  and  room.^ 

Work  on  the  tunnel  progressed  with  increasing  cubic  yards  of  rock  removed  each 
month  until  March  1832.  In  November  1831,  140  cubic  yards  of  rock  had  been  taken 
from  the  tunnel.  This  figure  increased  to  560  cubic  yards  the  next  month,  followed  by  740 
cubic  yards  in  January  1832.  February  1832  saw  900  cubic  yards  removed.  Then,  in 
March,  the  men  excavating  in  one  end  encountered  a  softer  rock  than  anticipated.  A 
portion  of  this  rock  would  crumble  when  exposed  to  the  atmosphere.  While  one  author, 
in  writing  about  the  tunnel,  stated  that  it  was  cut  through  slate,  another  stated  that  the 
rock  was  sandstone.  The  latter  individual  was  undoubtedly  correct  considering  that  the 
geology  of  the  area  indicated  more  sandstone  than  slate.  The  soft  area  encountered 
probably  had  its  cohesiveness  leached  from  it  by  water.  At  any  rate,  work  slowed  as 
more  timbering  was  required  to  support  the  roof.  Only  370  cubic  yards  of  material  were 
removed  from  the  tunnel  in  March.  Still  encountering  soft  rock  in  part  of  April,  the 
excavations  proceeded  at  a  slower  pace  with  550  cubic  yard  of  rock  removed.^ 

Although  the  original  plan  called  for  placing  a  stone  arch  extending  150  feet  on 
each  end  of  the  tunnel,  the  soft  rock  caused  a  temporary  change  in  plans.  Sylvester 
Welch  felt  that  they  should  be  prepared  to  arch  the  remaining  area  with  brick.  This 
situation  would  make  the  tunnel  more  costly.  It  would  require  additional  excavation  to 
admit  the  additional  brick  arch  which  Welch  estimated  would  cost  $4,924.50.  He  thought 
it  would  require  another  $13,132.50  for  the  arch  itself.  He,  however,  noted  that  "if  in  the 
further  prosecution  of  the  work,  the  rock  should  become  harder  and  less  liable  to  fall  to 
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pieces,  a  part  of  the  arch  may  be  dispensed  with,  and  the  expense  of  construction 
reduced."^ 

About  the  time  that  Welch  wrote  to  James  Clark  in  May  1832  expressing  his 
concern  over  the  soft  rock,  the  construction  crew  again  encountered  firmer  rock  and  digging 
once  more  increased.  In  that  month  fifty  men  were  employed  in  the  tunnel  working  round 
the  clock.  They  cut  about  eighteen  inches  from  the  tunnel  face  each  twenty-four  hours. 
The  cubic  yards  dug  for  May  more  than  doubled  over  the  previous  month,  reaching  1,360. 
By  May  23  the  tunnel  reached  184  feet  on  the  west  end.  At  that  point  Solomon  Roberts 
decreed  that  work  should  begin  on  the  dressed  stone  arch.  This  work,  however,  did  not 
begin  until  July.^ 

Although  work  slowed  in  June  1832,  probably  due  to  more  soft  rock,  it  began  with 
ever  increasing  excavation  in  July.  While  June  found  only  670  cubic  yards  removed,  July's 
output  was  boosted  to  1,290  cubic  yards.  August's  production  increased  even  more  to 
1 ,470  cubic  yards  only  to  be  exceeded  with  1 ,604  cubic  yards  for  September  as  the  inner 
portion  of  the  tunnel  proved  to  be  of  sufficiently  hard  rock  to  eliminate  problems.  Again, 
excavation  dipped  in  October  to  1,134  cubic  yards,  but  it  reached  its  greatest  extent  in 
November  with  1,872  cubic  yards.  On  December  21,  1832  the  workmen  broke  through  the 
final  barrier  and  opened  the  tunnel.  Samuel  Jones  notified  the  canal  commission  of  the 
event  and  observed  that  "the  shafts  have  met  with  great  precision."^ 

Having  opened  the  tunnel,  the  amount  of  cubic  yards  of  rock  removed  began  to 
drop  and  the  focus  turned  toward  completing  the  arch  and  the  facade  at  each  entrance. 
The  December  1832  rock  removal  amounted  to  1,104  cubic  yards.  Aggregate  cubic 
yardage  dropped  to  886  in  January  1833  and  to  150  the  next  month  as  excavation  was 
almost  completed.  No  rock  was  removed  in  March,  and  only  a  final  100  cubic  yards  were 
removed  in  April  as  cleanup  occurred. '° 

Although  the  tunnel  excavation  was  completed  in  April  1833,  the  arch  and  entrance 
facades  remained  incomplete.  Work  had  begun  to  arch  or  line  the  tunnel  for  150  feet  from 
each  entrance  in  July  1832,  but  it  progressed  slowly  for  the  first  several  months.  This  arch 
consisted  of  eighteen-inch  thick  dressed  stone.  The  source  of  this  stone  remains  unknown, 
but  it  undoubtedly  came  from  the  area.    The  arch  work  continued  into  April  1833.    Upon 
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its  completion  the  cut  stone  entrance  facades  were  begun.  They  were  completed  in  June 
1833  and  with  the  end  of  that  work,  Staple  Bend  Tunnel  was  finished.  As  the  first  railroad 
tunnel  in  the  United  States,  it  measured  901  feet  long,  twenty  feet  wide,  and  nineteen  feet 
high  within  the  arch.  The  construction  cost  amounted  to  $37,498.85.  Of  that  figure 
$21,903  was  paid  for  the  removal  of  14,900  cubic  yards  of  rock  during  excavation.  The 
contractor  received  $1.47  per  cubic  yard.  The  remaining  cost  of  $15,595.85  was  paid  for 
the  dressed  stone,  installation  of  the  arch,  and  building  the  two  facades." 

Three  years  after  the  tunnel's  completion,  Solomon  Roberts,  the  engineer  who 
oversaw  its  construction,  wrote  a  book  on  the  portage  railroad.  In  it  he  described  the 
tunnel  with  these  words: 

There  is  a  tunnel  through  a  spur  of  the  Allegheny,  at  the  head  of  inclined  plane 
No.  1 ,  about  four  miles  from  Johnstown  near  which  the  Conemaugh  makes  a  bend 
of  two  miles  and  a  half.  This  tunnel  is  901  feet  long,  and  20  feet  wide  by  19  feet 
high  within  the  arch.  It  is  arched  for  150  feet  in  length  at  each  end,  and  the 
entrances  are  finished  off  with  ornamental  facades  of  cut  stone.  The  whole  cost  of 
the  tunnel,  including  arching,  was  $37,498.85  cts.^^ 

The  Appleton  Brothers  contract  for  building  section  seven  did  not  include  the  railroad 
track.  At  first  a  single  track  was  constructed  on  the  line.  The  contractor  for  the  tunnel 
track  was  Riddle  and  Sweats.  By  the  spring  of  1 835  a  second  track  had  been  laid.  The 
rails  consisted  of  wooden  stringers  topped  with  iron  straps  which  were  laid  with  a  four- 
foot  nine  inch  gauge.  At  first  the  cars  were  pulled  through  the  tunnel  by  horse,  but  in  1836 
locomotives  replaced  the  animal  power.  This  situation  produced  a  fear  that  the  smoke  and 
steam  from  the  engine  produced  unhealthy  air  in  the  tunnel.  To  calm  the  fright,  Charles 
DeHass,  then  principal  engineer,  produced  a  report  on  January  14,  1837  in  which  he 
assured  that  the  air  was  pure  and  no  evil  effect  would  come  from  it.^^ 

During  the  period  from  the  time  the  portage  railroad  opened  in  April  1834  until  the 
Staple  Bend  Tunnel  was  abandoned  in  December  1852,  repair  records  do  not  indicate  any 
work  was  needed  on  it.  In  1837  a  lead  pipe  was  laid  through  the  tunnel  to  carry  water 
from  the  east  side  to  the  canal  on  the  west.'" 

Although  proposals  were  made  in  the  1830s  and  1840s  to  develop  a  planeless 
portage  railroad,  nothing  came  of  these  overtures  until  1850.  On  May  10  of  that  year,  the 
state  legislature  passed  an  act  to  make  a  survey  for  a  planeless  portage.  Construction  on 
this  new  portage  railroad  began  in  June  1851.  Work  progressed  so  quickly  that  by  the  end 
of  1852  the  first  three  planes  on  the  old  portage  were  no  longer  needed.  Staple  Bend 
Tunnel,  which  fell  within  this  area  of  the  old  portage  railroad,  was  abandoned.    On  July  1, 


11.  Work  Estimates  for  Section  7  by  J.  and  E.  Appleton,  August  1832-July  1833,  Check  Rolls,  Work 
Estimates,  Receipts,  and  Miscellaneous  Accounts,  Boxes  4-6,  Allegheny  Portage  Railroad,  Engineers  Accounts, 
Estimates,  Work  Receipts,  RG  17;  Solomon  W.  Roberts,  An  Account  of  the  Portage  Railroad  over  the  Allegheny 
Mountains  in  Pennsylvania  (Philadelphia:    Nathan  Kite,  1836),  8. 

12.  Roberts,  An  Account  of  the  Portage  Railroad  Over  the  Allegheny  Mountains  in  Pennsylvania,  8. 

13.  Heydinger,  "Comprehensive  History  of  the  Pennsylvania  Canal  System,"  v:19;  Peregrin  Prolix,  A 
Pleasant  Peregrination  through  the  Prettiest  Parts  of  Pennsylvania  (Philadelphia:  Crigg  and  Elliot,  1836),  37; 
Logue,  "History  of  Old  Portage  Railroad;"  McCullough  and  Leuba,  The  Pennsylvania  Main  Line  Canal,  62. 

14.  Heydinger,  "Comprehensive  History  of  the  Pennsylvania  Canal  System,"  V:14. 

8 


1855  the  new  portage  line  came  into  use  and  the  entire  route  of  the  old  portage  was 
forsaken.  In  anticipation  of  that  event,  the  legislature  passed  and  the  governor  signed  an 
act  on  May  8,  1855,  which  authorized  the  sale  of  the  canal  and  old  portage  railroad.  No 
bids  were  made  to  purchase  this  transportation  system.  Another  act  for  its  sale  was 
approved  on  May  16,  1857.  The  Pennsylvania  Railroad  Company,  which  by  this  time  had 
completed  its  line  across  the  state,  bought  the  property  on  June  25,  1857  as  the  only 
bidder.    It  took  possession  on  August  1  of  that  year.^^ 

The  Pennsylvania  Railroad  made  no  use  of  Staple  Bend  Tunnel.  In  1858  it 
removed  the  rails.  The  portage  route  including  the  tunnel  became  a  roadway  for  area 
residents.  By  1889  this  use,  by  and  large,  had  been  discontinued.  Sometime  before  1889 
the  facade  on  the  east  portal  of  the  tunnel  was  removed  for  building  purposes  (figures  1- 
3).  As  constructed,  both  ends  of  the  tunnel  had  the  same  facade  design.  It  was  described 
as  a  Roman  Revival  style  with  a  low  relief  lintel  supported  by  Doric  pilasters  on  each  side 
(figures  4-9).^' 

Since  no  photographs  exist  of  the  tunnel's  east  portal  with  a  facade,  a  question 
has  arisen  as  to  whether  that  entrance  had  a  facade  or  not.  The  written  evidence  indicates 
clearly  that  it  did.  In  a  May  16,  1832  communique,  Sylvester  Welch  indicated  the  tunnel 
plan  called  for  facades  at  each  end.^^  Solomon  Roberts,  the  engineer  who  oversaw 
construction,  wrote  in  a  book  in  1836  that  "the  entrances  are  finished  off  with  ornamental 
facades  of  cut  stone."^^  He  also  gave  the  same  description  in  an  1837  newspaper  article 
and  in  his  1882  reminiscences.  An  account  in  the  Johnstown  Mountain  Echo  of  1851 
mentioned  the  portal  facades.  In  1907  Henry  Storey  wrote  that  the  east  entrance  facade 
had  been  removed  for  building  purposes,  but  he  gave  no  indication  of  a  date  or  the 
building  on  which  the  stones  were  used.  The  oldest  dated  photograph,  taken  in  1889, 
shows  the  east  portal  without  a  facade.^^ 

The  Pennsylvania  Railroad  did  not  own  the  tunnel  property  for  any  length  of  time 
after  acquiring  it  in  1857.  By  1867  it  had  sold  a  parcel  of  land  which  included  about  half 
of  the  area  above  the  tunnel  from  its  east  side  to  Robert  King.  Another  parcel,  which 
included  the  ground  above  the  tunnel  from  its  west  end,  was  purchased  by  the  Cambria 
Iron  Company.  It  used  the  area  adjacent  to  the  tunnel  as  a  dump  site  for  slag  from  its 
smelters.  In  the  early  1920s  Bethlehem  Steel  leased  the  Cambria  Iron  Company's  property. 
On  September  21,  1942  Bethlehem  Steel  purchased  Cambria  Iron.  With  this  takeover, 
Bethlehem  Steel  acquired  that  portion  of  the  tunnel  in  Cambria's  ownership.  In  the 
meantime  Bethlehem  Steel  purchased  the  King  property  and  thereby  gained  control  of  the 
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its  completion  the  cut  stone  entrance  facades  were  begun.  They  were  completed  in  June 
1833  and  with  the  end  of  that  work,  Staple  Bend  Tunnel  was  finished.  As  the  first  railroad 
tunnel  in  the  United  States,  it  measured  901  feet  long,  twenty  feet  wide,  and  nineteen  feet 
high  within  the  arch.  The  construction  cost  amounted  to  $37,498.85.  Of  that  figure 
$21,903  was  paid  for  the  removal  of  14,900  cubic  yards  of  rock  during  excavation.  The 
contractor  received  $1.47  per  cubic  yard.  The  remaining  cost  of  $15,595.85  was  paid  for 
the  dressed  stone,  installation  of  the  arch,  and  building  the  two  facades." 

Three  years  after  the  tunnel's  completion,  Solomon  Roberts,  the  engineer  who 
oversaw  its  construction,  wrote  a  book  on  the  portage  railroad.  In  it  he  described  the 
tunnel  with  these  words: 

There  is  a  tunnel  through  a  spur  of  the  Allegheny,  at  the  head  of  inclined  plane 
No.  1 ,  about  four  miles  from  Johnstown  near  which  the  Conemaugh  makes  a  bend 
of  two  miles  and  a  half.  This  tunnel  is  901  feet  long,  and  20  feet  wide  by  19  feet 
high  within  the  arch.  It  is  arched  for  150  feet  in  length  at  each  end,  and  the 
entrances  are  finished  off  with  ornamental  facades  of  cut  stone.  The  whole  cost  of 
the  tunnel,  including  arching,  was  $37,498.85  cts.^^ 

The  Appleton  Brothers  contract  for  building  section  seven  did  not  include  the  railroad 
track.  At  first  a  single  track  was  constructed  on  the  line.  The  contractor  for  the  tunnel 
track  was  Riddle  and  Sweats.  By  the  spring  of  1 835  a  second  track  had  been  laid.  The 
rails  consisted  of  wooden  stringers  topped  with  iron  straps  which  were  laid  with  a  four- 
foot  nine  inch  gauge.  At  first  the  cars  were  pulled  through  the  tunnel  by  horse,  but  in  1836 
locomotives  replaced  the  animal  power.  This  situation  produced  a  fear  that  the  smoke  and 
steam  from  the  engine  produced  unhealthy  air  in  the  tunnel.  To  calm  the  fright,  Charles 
DeHass,  then  principal  engineer,  produced  a  report  on  January  14,  1837  in  which  he 
assured  that  the  air  was  pure  and  no  evil  effect  would  come  from  it.^^ 

During  the  period  from  the  time  the  portage  railroad  opened  in  April  1834  until  the 
Staple  Bend  Tunnel  was  abandoned  in  December  1852,  repair  records  do  not  indicate  any 
work  waG  needed  on  it.  In  1837  a  lead  pipe  was  laid  through  the  tunnel  to  carry  water 
from  the  east  side  to  the  canal  on  the  west.'" 

Although  proposals  were  made  in  the  1830s  and  1840s  to  develop  a  planeless 
portage  railroad,  nothing  came  of  these  overtures  until  1850.  On  May  10  of  that  year,  the 
state  legislature  passed  an  act  to  make  a  survey  for  a  planeless  portage.  Construction  on 
this  new  portage  railroad  began  in  June  1851.  Work  progressed  so  quickly  that  by  the  end 
of  1852  the  first  three  planes  on  the  old  portage  were  no  longer  needed.  Staple  Bend 
Tunnel,  which  fell  within  this  area  of  the  old  portage  railroad,  was  abandoned.    On  July  1, 
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1855  the  new  portage  line  came  into  use  and  the  entire  route  of  the  old  portage  was 
forsaken.  In  anticipation  of  that  event,  the  legislature  passed  and  the  governor  signed  an 
act  on  May  8,  1855,  which  authorized  the  sale  of  the  canal  and  old  portage  railroad.  No 
bids  were  made  to  purchase  this  transportation  system.  Another  act  for  its  sale  was 
approved  on  May  16,  1857.  The  Pennsylvania  Railroad  Company,  which  by  this  time  had 
completed  its  line  across  the  state,  bought  the  property  on  June  25,  1857  as  the  only 
bidder.    It  took  possession  on  August  1  of  that  year.'^ 

The  Pennsylvania  Railroad  made  no  use  of  Staple  Bend  Tunnel.  In  1858  it 
removed  the  rails.  The  portage  route  including  the  tunnel  became  a  roadway  for  area 
residents.  By  1889  this  use,  by  and  large,  had  been  discontinued.  Sometime  before  1889 
the  facade  on  the  east  portal  of  the  tunnel  was  removed  for  building  purposes  (figures  1- 
3).  As  constructed,  both  ends  of  the  tunnel  had  the  same  facade  design.  It  was  described 
as  a  Roman  Revival  style  with  a  low  relief  lintel  supported  by  Doric  pilasters  on  each  side 
(figures  4-9)." 

Since  no  photographs  exist  of  the  tunnel's  east  portal  with  a  facade,  a  question 
has  arisen  as  to  whether  that  entrance  had  a  facade  or  not.  The  written  evidence  indicates 
clearly  that  it  did.  In  a  May  16,  1832  communique,  Sylvester  Welch  indicated  the  tunnel 
plan  called  for  facades  at  each  end.^^  Solomon  Roberts,  the  engineer  who  oversaw 
construction,  wrote  in  a  book  in  1836  that  "the  entrances  are  finished  off  with  ornamental 
facades  of  cut  stone."^^  He  also  gave  the  same  description  in  an  1837  newspaper  article 
and  in  his  1882  reminiscences.  An  account  in  the  Johnstown  Mountain  Echo  of  1851 
mentioned  the  portal  facades.  In  1907  Henry  Storey  wrote  that  the  east  entrance  facade 
had  been  removed  for  building  purposes,  but  he  gave  no  indication  of  a  date  or  the 
building  on  which  the  stones  were  used.  The  oldest  dated  photograph,  taken  in  1889, 
shows  the  east  portal  without  a  facade. ^^ 

The  Pennsylvania  Railroad  did  not  own  the  tunnel  property  for  any  length  of  time 
after  acquiring  it  in  1857.  By  1867  it  had  sold  a  parcel  of  land  which  included  about  half 
of  the  area  above  the  tunnel  from  its  east  side  to  Robert  King.  Another  parcel,  which 
included  the  ground  above  the  tunnel  from  its  west  end,  was  purchased  by  the  Cambria 
Iron  Company.  It  used  the  area  adjacent  to  the  tunnel  as  a  dump  site  for  slag  from  its 
smelters.  In  the  early  1920s  Bethlehem  Steel  leased  the  Cambria  Iron  Company's  property. 
On  September  21,  1942  Bethlehem  Steel  purchased  Cambria  Iron.  With  this  takeover, 
Bethlehem  Steel  acquired  that  portion  of  the  tunnel  in  Cambria's  ownership.  In  the 
meantime  Bethlehem  Steel  purchased  the  King  property  and  thereby  gained  control  of  the 
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entire  tunnel.   Staple   Bend  Tunnel   is   still   in   the  possession   of  the   Bethlehem   Steel 
Corporation.^" 

Aside  from  general  deterioration  since  its  abandonment  in  1852  and  the  loss  of  the 
facade  from  the  east  portal,  Staple  Bend  Tunnel  has  sustained  other  changes.  Around  the 
turn  of  the  century  the  American  Pipe  Line  Company  ran  a  water  pipe  through  the  tunnel. 
To  protect  the  pipe,  it  sealed  each  entrance  with  a  concrete  wall  (figures  2-3,  10-12).  A 
small  doorway  was  constructed  in  the  center  of  each  wall  which  contained  a  wooden 
header  and  frame.  A  wooden  door  with  slating  (figures  2  and  10)  prevented  the  public 
from  entering  the  tunnel.  In  1951  the  Bethlehem  Steel  Corporation  laid  its  own  water  pipe 
system  through  the  tunnel.  At  the  same  time  it  removed  the  upper  portion  of  the  concrete 
walls,  which  had  been  placed  in  the  entrances  at  the  turn  of  the  century,  and  cut  a  larger 
doorway  area.  The  wooden  doors  were  replaced  with  larger,  double  metal  doors  which 
have  been  welded  shut.  Concrete  blocks  were  used  to  replace  the  concrete  removed  from 
the  upper  space  below  the  portal  arches  (figures  13  and  14).  Closing  the  tunnel  has 
helped  to  protect  its  interior.    As  a  result,  the  dressed  stone  arch  in  each  end  remains.^^ 
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CHAPTER 


III.         TUNNEL  CONSTRUCTION  IN  THE  1830S 

At  the  time  Staple  Bend  Tunnel  was  constructed,  tunnel  driving  was  in  its  infancy 
in  the  United  States.  Although  it  was  the  first  railroad  tunnel  in  the  country,  two  other 
tunnels  had  preceded  it.  Both  of  these  earlier  structures  were  canal  tunnels.  The  first 
one,  820  feet  long,  was  dug  for  the  Schuylkill  Canal  at  Auburn,  Pennsylvania  in  1820-21. 
The  second  tunnel,  720  feet  long,  was  on  the  Union  Canal  near  Lebanon,  Pennsylvania. 
It  was  built  in  1827.  Without  a  skilled  tunnel  construction  corps,  the  contractors  had  to 
rely  on  miners  for  their  workforce.  The  skilled  men  who  did  the  drilling  and  set  the  powder 
charges  would  have  been  Welsh  immigrants,  for  individuals  of  this  nationality  made  up  the 
skilled  mining  force  at  the  time.  The  common  laborers  who  removed  the  muck,  as  the 
blasted  rock  was  called,  would  have  been  Irish  immigrants.  Men  of  this  nationality 
comprised  the  preponderance  of  the  area's  unskilled  workers  in  that  period. 

In  the  1830s  tunnel  construction  was  a  simple,  but  laborious  process.  Small  tunnels, 
such  as  Staple  Bend  which  had  a  dimension  of  twenty  feet  wide  and  nineteen  feet  high 
inside  the  arch,  were  always  driven  full  face.  Before  beginning  to  drill  holes  in  the  face, 
the  man  in  charge  of  blasting  would  study  the  face  to  ascertain  where  to  place  the  holes. 
Advantage  was  taken  of  all  irregularities  and  joints  as  a  means  to  eliminate  or  reduce  the 
number  of  holes.    The  hole  locations  were  usually  placed  in  the  following  manner: 
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The  holes  were  driven  at  an  angle. ^ 
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All  holes  were  drilled  by  hand  with  either  a  single-jacked  or  double-jacked  method. 
A  single  jack  was  a  hammer  weighing  about  four  pounds.  It  was  swung  with  one  hand 
while  the  drill  was  held  by  the  other  hand.  The  double  jack  was  a  six  to  eight-pound 
sledge  held  with  both  hands.    Generally,  two  men  struck  with  double  jacks,  while  a  third 
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man  held  the  drill  and  turned  it  a  quarter-turn  after  each  blow.  Theoretically,  the  drill  was 
turned  on  a  center  in  the  middle  of  the  hole.  The  successive  cuts  crossed  each  other  and 
the  hole  was  broken  a  little  wider  in  diameter  than  the  drill  diameter.  A  curved  bit  on  the 
end  of  the  drill  (as  shown)  had,  for  centuries,  proved  best  for  two  reasons. 


.■^ 


curved    bit 


Curved  bits  gave  the  most  uniform  wear.  In  addition,  drills  were  not  usually  held  straight 
and  the  hammer  blow  was  usually  not  directly  on  center.  As  a  result,  a  curved  drill  bit 
was  found  to  transfer  an  off-center  hammer  blow  more  directly  to  the  center  of  the  drill 
bit.  Thus,  more  energy  from  the  force  of  the  blow  went  into  drilling  the  hole.  Since 
metallurgy  had  not  reached  modern  standards  in  the  1830s,  the  softer  drill  bits  of  those 
days  required  frequent  sharpening.  Consequently,  a  temporary  blacksmith  shop  would 
have  been  located  at  Staple  Bend  Tunnel,  where  blacksmiths  would  have  been  kept 
constantly  busy  sharpening  drill  bits.^ 

Drilling  was  time  consuming  work.  Holes  were  usually  one-inch  in  diameter  and 
seldom  deeper  than  three  feet.  A  three-man  double  jack  team  could  drill  about  one  foot 
of  hole  per  hour.  This  depth  per  hour,  however,  varied  with  the  density  of  the  rock.  The 
sandstone  encountered  throughout  much  of  Staple  Bend  Tunnel  probably  allowed  a  team 
to  drill  an  average  of  one  foot  per  hour.^ 

Once  the  proper  number  of  holes  had  been  drilled,  the  tunnel  face  was  ready  for 
blasting.  Each  hole  was  charged  with  black  powder.  Staple  Bend  workers  used  an 
average  of  200  pounds  of  powder  per  week.  The  powder  was  contained  in  a  one-pound, 
paper  wrapped  cartridge.  It  was  pushed  to  the  bottom  of  the  hole  by  using  a  wood  or 
copper  pole.  A  copper  needle,  which  was  a  small  rod,  was  inserted  into  the  hole  and 
then  the  hole  was  filled  with  clay  and  tamped  with  the  wood  or  copper  rod.  After  tamping, 
the  copper  needle  was  withdrawn  leaving  a  small  hole  through  which  the  fuse  was 
introduced.  Fuses  of  the  day  consisted  of  reeds,  straws,  or  small  round  paper  tubes  filled 
with  powder.  In  1831  a  safety  fuse,  the  Bickford  fuse,  was  invented  in  England.  It 
comprised  a  cord  around  a  thin  vein  of  powder.  The  cord  was  covered  with  tar  or  pitch. 
The  advantage  of  this  fuse  was  its  steady  uniform  burn.  Whether  this  fuse  was  used  at 
Staple  Bend  Tunnel  remains  unknown,  but  it  could  have  been  used  toward  the  end  of  the 
digging." 


2.  Drinker,  Tunneling,  Explosive  Compounds,  and  Rock  Drills,  114-16;  Richardson  and  Mayo,  Practical 
Tunnel  Driving,  332-333. 

3.  Richardson  and  Mayo,  Practical  Tunnel  Driving,  333. 

4.  Gosta  E.  Sandstrom,  Tunnels  (NY:  Holt,  Rinehart  and  Winston,  1963),  282;  Drinker,  Tunneling, 
Explosive  Compounds,  and  Rock  Drills,  108-109;  David  W.  Burton  and  John  A.  Davis,  Modern  Tunneling  (N.Y.: 
John  Wiley  &  Sons.  1914).  295. 
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Blasts  tended  to  be  somewhat  dangerous,  since  the  fuses  burned  unevenly.    The 
force  of  the  blast  would  leave  a  cone-shaped  hole  in  the  tunnel  face. 


tunnel     -face 
area     blasted 


Rarely  did  the  blast  penetrate  to  the  depth  of  the  drill  hole.  The  average  explosion  would 
remove  rock  to  about  eighteen  inches  less  than  the  hole  depth.  Since  the  average  hole 
was  drilled  to  a  depth  of  three  feet,  the  average  blast  removed  eighteen  inches  of  rock. 
This  corresponded  with  Sylvester  Welch's  report  in  May  1832  that  eighteen  inches  of  rock 
was  removed  from  the  tunnel  face  in  a  twenty-four  hour  period.^ 

Blasts  were  usually  set  just  before  meal  time  so  that  the  dust  could  settle  while 
the  workforce  ate.  After  the  dust  settled,  several  men  entered  the  tunnel  to  carefully 
inspect  the  walls  and  roof  before  the  others  entered.  Inspection  was  both  visual  and  by 
using  a  hand  hammer.  Any  spot  which  sounded  hollow  under  a  hammer  blow  needed 
investigation.  Timbers  were  then  placed  in  appropriate  locations.  Then  the  heading  and 
tunnel  face  had  to  be  scaled  of  loose  rock  before  mucking  could  begin.^ 

While  mucking  or  removal  of  the  blasted  rock  occurred,  the  skilled  labor  returned 
to  drilling  holes  in  the  cone-shaped  area  so  that  the  tunnel  face  could  be  blasted  flush. 
This  condition  was  accomplished  by  drilling  holes  in  the  following  manner: 


tunnel  face , 

drill  holes 

area  blasted 


Muckers  had  the  most  exhausting  job  in  tunnel  driving.  This  work  was  accomplished  by 
hand  labor.  A  twenty-foot  wide  tunnel  like  Staple  Bend  could  accommodate  no  more  than 
eight  men  shoveling  at  one  time.  These  men  shoveled  the  rock  into  a  cart  pulled  by  a 
horse.  At  the  same  time  two  to  four  men  were  employed  with  a  pick  to  pull  down  the  rock 
pile  in  front  of  the  shovelers.    These  laborers  periodically  alternated  with  the  shovelers  to 


5.  Richardson  and  Mayo,  Practical  Tunnel  Driving.,  333. 

6.  Ibid.,  65-66. 

13 


give  them  relief  from  the  fatiguing  work.    The  amount  of  rocl<  a  man  could  shovel  was 
usually  figured  at  one-half  to  two-thirds  cubic  yard  per  hour/ 

The  greatest  danger  in  tunnel  driving  came  from  natural  causes  and  the  failure  to 
realize  what  could  happen  when  the  rock  structure  was  disturbed.  The  soft  rock 
encountered  in  one  area  of  Staple  Bend  Tunnel  undoubtedly  gave  safety  concerns; 
however,  no  reports  or  newspaper  articles  have  surfaced  about  any  deaths  or  maimings 
that  occurred  during  the  tunnel's  construction.  The  soft  rock  area  was  undoubtedly  covered 
by  the  tunnel  arch.  As  a  result,  any  future  repair  work  involving  the  arch  should  be  done 
with  care  in  anticipation  of  a  soft  rock  area  above  the  arch. 


Richardson  and  Mayo,  Practical  Tunnel  Driving,  90;  Burton  and  Davis,  Modern  Tunneling,  261. 
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THE  OLDEST  RAILROAD  TUNNEL  IN  AMERICA. 
Portage  Railroad.    Constructed  1832,  abandoned  1852.    View  of  West  Portal  in  1892. 


Figure  8:  In  George   H.   Burgess  and   Miles  C.   Kenney, 

Centennial  History  of  ttie  Pennsylvania  Railroad 
Company. 
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Figure  9:    View  of  the  West  portal  in  1896 

In     William     B.     Wilson,     "The     Evolution,     Decadence     and 
Abandonment  of  the  Allegheny  Portage  Railroad." 
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Figure  13:  Staple  Bend  Tunnel  West  Portal,  October  1988 

In  this  photograph  one  can  see  the  concrete  blocks  used  to 
replace  the  concrete  wall  in  the  upper  portion  of  the  portal  in 
1951.  The  wooden  header  and  frame  of  the  doorway  were 
removed  at  the  same  time  and  replaced  by  the  lager,  double 
metal  doors  shown  in  this  picture. 


Figure  14:         Staple  Bend  Tunnel  East  Portal,  October  1988 

Heavy  overgrowth  obstructs  the  view  of  the  east  entrance,  but 
this  portal  sustained  the  same  changes  in  1951  as  noted  in  the 
pravious  figure  of  the  west  portal. 
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EXECUTIVE  SUMMARY 

Staple  Bend  Tunnel  is  located  through  a  bedrock  ridge  at  a  bend  in  the  Little  Cone- 
maugh  River  in  Cambria  County,  approximately  five  miles  northwest  of  Johnstown, 
Pennsylvania  (Fig.  1).  The  tunnel  is  a  major  feature  of  the  Allegheny  Portage 
Railroad  constructed  between  1831  and  1834.  The  portage  railroad  used  a  series  of 
inclines  and  levels  to  transport  loaded  canal  barges  from  canal  slips  at  Hollidays- 
burg  over  the  Allegheny  Mountains  to  the  canal  slips  in  Johnstown,  thus  linking  the 
canal  systems  from  Philadelphia  to  Pittsburgh,  Pennsylvania.  Staple  Bend  Tunnel 
is  the  first  railroad  tunnel  in  the  United  States. 

Geology 

The  bedrock  in  the  immediate  vicinity  of  Staple  Bend  Tunnel  consists  of  the 
Allegheny  series  of  the  Pennsylvanian  bedrock  system.  The  Pennsylvanian  system 
consists  of  a  generally  flat  to  undulating  series  of  sedimentary  sandstone, 
siltstone,  and  shale  strata  containing  minor,  thin,  and  often  discontinuous 
(lensitic)  coal  seams.  These  rocks  were  formed  from  stream  lain  deposits  that 
graded  into  a  plain  across  a  lowland  west  of  the  Appalachian  Mountain  fold  belt 
about  250-300  million  years  ago.  The  sandstones  are  commonly  irregularly  bedded 
and  cross  stratified  and  usually  grade  laterally  into  siltstones  and  shales. 
Fossils,  which  have  been  found  in  the  sandstones  and  shales  of  this  series,  are 
usually  land  plants,  and  these  fossils  are  locally  abundant  and  usually  well 
preserved. 

The  bedrock  structure  exposed  in  the  crown  and  sidewalls  of  the  tunnel  consists  of 
a  series  of  sedimentary  strata  which  are  slightly  folded  upward  to  form  a  gently 
plunging  anticline  structure.  The  axis  of  the  anticline  roughly  parallels  the 
tunnel  axis  and  dips  slightly  (plunges)  toward  the  east  portal.  The  rock  strata 
comprising  the  anticline  have  been  disrupted  by:  1)  several  low  angle  normal 
faults  which  cross  perpendicular  to  the  tunnel  alignment  and  2)  nearly  horizontal 
I  shearing  and  thrusting  along  some  of  the  weaker  rock  strata. 

During  the  geologic  mapping  program,  numerous  exposures  of  what  appeared  to  be  tree 
I  fossils  were  observed  embedded  in  the  "upper  sandstone"  strata  of  the  tunnel  crown 
I  such  as  at  approximate  Sta.  1+90.  Closer  examination  and  photographs  of  these 
! features  confirmed  the  presence  of  fossilized  remains  of  "scale"  trees.  Scale 
'trees  are  ancient  species  of  trees  which  were  prevalent  over  the  geologic  time 


frame  during  which  the  sediments  forming  these  rocks  were  deposited,  i.e.,  about 
250-300  million  years  ago. 

Tunnel  Stability 

The  field  effort  was  performed  to  assess  the  long-term  stability  of  Staple  Bend 
Tunnel  and  to  evaluate  what  measures  could  be  taken  to  increase  tunnel  stability 
if  required.  An  evaluation  of  the  tunnel  stability  requires  knowledge  of:  1)  the 
condition  of  the  various  bedrock  types  present  and  2)  orientation  of  discontinu- 
ities (planes  of  weakness)  which  largely  control  rock  block  stability. 

The  tunnel  alignment  is  coincident  with  the  axis  of  a  gently  folded  anticline  such 
that  the  rock  strata  bedding  planes  arch  downward  into  and  away  from  both  tunnel 
walls.  The  massive  "upper  sandstone"  bedrock  exposed  in  the  crown  of  the  tunnel 
(Subsection  2.3)  forms  a  natural  arch  over  the  tunnel.  The  configuration  of  this 
rock  structure  relative  to  the  tunnel  opening  provides  a  generally  stable 
condition.  Rock  above  and  below  bedding  planes  which  dip  downward  into  the  walls 
and  away  from  the  tunnel  opening  are  not  susceptible  to  slippage.  In  addition, 
arching  stresses  which  form  in  the  roof  rock  of  the  tunnel  tend  to  strengthen  the 
rock  and  increase  stability  by  inducing  compressive  stresses  in  the  lower  bedrock 
strata. 

The  orientations  of  faults  and  major  joint  sets  exposed  in  the  tunnel  were 
observed.  In  general,  these  features  cross  the  tunnel  alignment  with  many  striking 
nearly  perpendicular  to  the  axis  of  the  tunnel.  Due  to  the  widely  spaced  nature 
of  these  features  and  their  orientations,  the  intersections  of  these  planar 
weakness  with  bedding  planes  or  with  each  other,  are  not  likely  to  result  in  a 
large  number  of  unstable  blocks  or  wedges  of  rock.  Nevertheless,  during  any 
remedial  work  in  the  tunnel,  close  inspection  of  all  potentially  adversely  bounded 
rock  blocks  or  wedges  should  be  made  to  define  any  bolting  or  stabilization 
requirements  on  a  site-by-site  basis. 

West  Portal  Facade 

The  west  portal  facade  has  experienced  some  displacement  and  distress,  particularly 
along  the  top  cornice.  Tree  roots  and  freeze/thaw  cycles  have  displaced  many  of 
the  top  masonry  courses.  Some  of  the  displaced  blocks  should  be  removed,  the  trees 


11. 


and  roots  eliminated,  and  the  blocks  reset  to  restore  the  facade  and  prevent  future 
distress. 

The  slope  above  the  portal  is  an  earth  backfill  placed  over  the  masonry  liner  to 
shed  rainfall  and  keep  the  tunnel  dry.  Heavy  tree  growth,  failure  of  dry  laid 
masonry  retaining  walls  adjacent  to  the  portal  facade  and  erosion  have  damaged  the 
earth  backfill.  The  dry  masonry  walls  should  be  restored;  the  trees,  stumps,  and 
roots  removed;  and  the  earth  backfill  restored. 

The  west  masonry-lined  portion  of  the  tunnel  is  in  good  condition.  The  masonry 
lining  to  be  founded  on  the  original  tunnel  invert  bedrock.  The  masonry  consists 
of  dressed  stones  tapered  to  fit  the  arch  shape.  Evidence  of  mortar  between 
masonry  blocks  was  observed  in  many  areas.  However,  in  some  areas,  particularly 
in  the  crown,  the  mortar  appears  to  have  been  lost  due  to  long-term  leaching  by 
ground  water  seepage. 

At  two  locations  on  the  west  masonry  lining,  individual  blocks  in  the  crown  have 
fallen  out  or  partially  displaced  due  to  loss  of  confining  mortar.  At  Sta.  0+58, 
a  crown  block  appears  to  have  split  on  a  natural  defect  with  the  upper  half 
remaining  in  place  and  the  lower  half  fallen  out.  At  Sta.  1+03,  a  keystone  block 
is  missing.  It  will  be  necessary  to  replace  these  masonry  blocks  and  to  repoint 
the  masonry  liner  for  safety  against  future  block  falls  prior  to  opening  the  tunnel 
to  public  access.  The  mortar  used  in  the  repointing  will  need  to  be  sensitive  to 
'  the  type  of  mortar  used  originally,  yet  be  compatible  with  the  masonry  blocks. 

I  Bedrock  Tunnel  Section 

J  Some  of  the  weaker  rock  strata  exposed  in  the  tunnel  walls,  particularly  siltstone 
«  stratum  and  the  rusty  brown  portion  of  the  lower  sandstone  stratum  have  been 
'  severely  fractured  in  place  by  what  appears  to  be  ancient,  near  horizontal  shearing 
<  and  thrusting  between  more  competent  underlying  and  overlying  rock  strata.  Many 
1'.  of  these  sheared  (fractured)  areas  have  been  eroded  and  undermined  by  active 

*  spalling  for  several  feet  in  form  the  original  tunnel  wall  surface.  The  spalling 
.  observed  in  the  undermined  areas  will  not  influence  the  overall  stability  of  the 

•  tunnel,  particularly  since  the  air  temperature  in  the  tunnel  has  equilibrated  due 
!,  to  closure  of  the  tunnel  portals.  However,  the  spalling  and  erosion  is  expected 
'  to  continue  and  if  left  unchecked  will  eventually  jeopardize  the  stability  of  any 
>  overhanging  rock  strata.   Activity  could  accelerate  if  the  portal  closures  were 
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eliminated,  and  freeze/thaw  cycles  resumed  in  the  tunnel.  In  those  areas  where 
overhangs  exceed  about  3  feet  horizontally  into  the  wall,  stabilization  should  be 
provided  to  prevent  future  rockfalls. 

The  east  masonry-lined  section  is  in  good  condition.  Only  limited  repointing  of 
the  east  masonry  lining  will  be  required.  The  mortar  used  for  repointing  must  be 
sensitive  to  the  type  of  mortar  originally  used,  yet  be  compatible  with  the  masonry 
blocks. 

Concrete-Lined  Section 

The  masonry  lining  in  the  eastern  50  feet  of  the  tunnel  has  been  reinforced  with 
a  concrete  supplemental  liner.  The  concrete  lining  is  in  excellent  condition  with 
no  remedial  work  required. 

East  Portal  Facade 

The  east  portal  was  originally  constructed  with  the  same  facade  structure  as  the 
west  portal.  Reference  3  indicates  that  between  1896  and  1910,  the  east  portal 
facade  was  removed  to  supply  building  stone. 

Before  general  public  access  to  the  tunnel  is  permitted,  the  area  above  the  east 
portal  should  be  stabilized.  All  trees  should  be  cleared  and  stumps  removed. 
Assuming  the  original  portal  facade  will  not  be  replicated,  all  loose  earth  and 
rock  backfill  should  be  removed  from  above  the  portal,  new  dry  stone  masonry  or 
concrete  retaining  walls  constructed  and  new  earth  backfill  placed  to  restore 
safety  against  debris  falling  from  above  the  portal.  Particular  care  must  be  taken 
to  stabilize  the  area  to  the  south  of  the  portal. 

Engineer's  Cost  Estimates 

Staple  Bend  Tunnel  has  been  found  to  be  in  relatively  good  condition  for  a  160- 
year-old  facility.  Remedial  work  required  to  be  performed  prior  to  allowing 
general  public  access  to  the  tunnel  and  an  engineer's  cost  estimate  (Table  1)  for 
the  remedial  work  required  inside  the  tunnel  only  are  provided  in  this  report. 
Costs  of  remedial  work  on  the  west  portal  facade,  stabilization  of  slopes  above  the 
east  and  west  portals,  and  other  exterior  work  are  addressed  by  Sellards  &  Grigg 
([Ref.  2]. 
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1 .   INTRODUCTION 

1.1  Purpose 

Staple  Bend  Tunnel  is  located  in  Cambria  County,  northwest  of  Johnstown,  Pennsyl- 
vania (Fig.  1)  and  is  the  first  railroad  tunnel  constructed  in  the  United  States. 
The  tunnel  is  a  major  feature  of  the  Allegheny  Portage  Railroad  which  was  con- 
structed between  1831  and  1834.  The  portage  railroad  used  a  series  of  inclines  and 
levels  to  transport  loaded  canal  barges  from  canal  slips  at  Hollidaysbury  over  the 
Allegheny  Mountains  to  the  canal  slips  in  Johnstown,  thus  linking  the  canal  systems 
from  Philadelphia  to  Pittsburgh,  Pennsylvania. 

This  report  presents  observations  made  between  August  20  and  24,  1990  to  assess  the 
structural  integrity  of  the  tunnel.  A  previous  familiarization  site  visit  was 
conducted  on  February  15,  1990  [Ref.  1].  Recommendations  for  safety  improvements 
to  the  tunnel  and  engineer's  cost  estimates  for  these  safety  improvements  are 
provided. 

1.2  Scope  of  Work 

Our  scope  of  work  included  the  following  tasks  as  part  of  Sellards  &  Grigg,  Inc.'s 
Historic  Structure  Report  for  Staple  Bend  Tunnel: 

•  Provide  field  geologist  to  prepare  profiles  of  the  exposed  bedrock  in 
the  tunnel  including  geologic  structure,  bedding  strike  and  dip,  and 
bedrock  strata. 

•  Excavate  and  log  test  pits  to  investigate  the  tunnel  invert,  locate  the 
Bethlehem  Steel  Company  water  supply  line  in  the  tunnel  invert,  observe 
foundation  conditions  for  the  tunnel  masonry  liners  and  portal  facades, 
and  observe  backfill  over  the  east  portal  masonry  liner. 

•  Assess  code  requirements  to  identify  safety  regulations  related  to 
public  access  into  the  tunnel. 

•  Provide  a  report  presenting  our  observations  and  recommendations. 

•  Prepare  a  Class  B  level  cost  estimate  for  work  required  to  stabilize  the 
interior  of  the  tunnel. 
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•  GEI  project  manager  to  visit  the  site  during  the  field  work  and  attend 
a  50%  level  review  meeting  in  Denver.  GEI  Denver  staff  liaison  to 
attend  95%  level  review  meeting  in  Denver. 

1.3  GEI  Project  Staff 

The  following  key  GEI  staff  worked  on  the  project. 

Alton  P.  Davis  Jr.,  P.E.  Project  Manager 

William  E.  Pitt  Jr.  Senior  Geologist 

John  W.  France  Denver  Liaison 

Ronald  C.  Hirschfeld,  Ph.D.,  P.E.    Principal-in-Charge 

1.4  Authorization 

This  work  was  authorized  by  Sellards  &  Grigg,  Inc.  Purchase  Order  No.  90783-31 
dated  June  29,  1990. 

1.5  Project  Datum 

Project  surveys  were  conducted  by  EADS  Group.  The  project  datum  is  National 
Geodetic  Vertical  Datum  (NGVD)  Mean  Sea  Level  (1929).  The  existing  tunnel  invert 
is  approximately  El.  1424. 
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2.   PHYSIOGRAPHY  AND  REGIONAL  GEOLOGIC  SETTING 

2 . 1  Regional  Geology 

The  Staple  Bend  Tunnel  is  located  within  the  Allegheny  Mountain  section  of  the 
Appalachian  Plateau  Physiographic  Province.  The  region  is  characterized  by  a 
mature  plateau  (Allegheny  Plateau)  which  is  controlled  by  underlying  generally  flat 
to  gently  folded  rocks  of  Pennsylvanian  Age.  In  places,  the  Allegheny  plateau  has 
been  deeply  eroded  and  incised  to  form  the  strong  relief  of  the  Allegheny 
Mountains. 

The  Staple  Bend  Tunnel  was  constructed  through  a  bedrock  ridge  (Fig.  2).  The 
Little  Conemaugh  River  flows  around  the  northern  end  of  this  ridge  to  form  a  major 
bend  in  the  river  called  Staple  Bend;  hence  the  name  of  the  tunnel.  Note  that  on 
the  U.S.  Geologic  Survey  Quadrangle  Map,  the  tunnel  axis  is  roughly  N15°E.  For 
purposes  of  this  report,  however,  the  axis  of  the  tunnel  is  assumed  to  be  from  west 
to  east  (i.e.,  the  general  alignment  of  the  Allegheny  Portage  Railroad). 

The  bedrock  in  the  immediate  vicinity  of  the  tunnel  consists  of  the  Allegheny 
series  of  the  Pennsylvanian  bedrock  system.  The  Pennsylvanian  system  consists  of 
a  generally  flat  to  undulating  series  of  sedimentary  sandstone,  siltstone,  and 
shale  strata  containing  minor,  thin,  and  often  discontinuous  (lensitic)  coal  seams. 
These  rocks  were  formed  from  stream  lain  deposits  that  graded  into  a  plain  across 
a  lowland  west  of  the  Appalachian  Mountain  fold  belt  about  250-300  million  years 
ago.  The  sandstones  are  commonly  irregularly  bedded  and  cross  stratified  and 
usually  grade  laterally  into  siltstones  and  shales.  Fossils,  which  have  been  found 
in  the  sandstones  and  shales  of  this  series,  are  usually  land  plants,  and  these 
fossils  are  locally  abundant  and  usually  well  preserved. 

2 . 2  Geologic  Mapping  Program 

During  the  period  August  21  to  24,  1990,  a  GEI  engineering  geologist  mapped  the 
bedrock  geologic  structure  exposed  in  the  tunnel.  The  purpose  of  this  effort  was 
to  evaluate  the  overall  structural  integrity  and  stability  of  the  bedrock  relative 
to  safety  requirements  for  future  public  access  and  to  evaluate  what  remedial 
measures,  if  any,  might  be  required  to  increase  tunnel  stability.  The  mapping 
effort  consisted  of:  1)  direct  measurement  of  orientation,  thickness  and  attitudes 
of  major  bedrock  strata  exposed  in  the  walls  and  crown  of  the  tunnel  and  2) 
measurement  of  orientation  of  key  bedrock  defects  and  discontinuities  such  as 
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faults,  shear  zones,  joints  and  bedding  plane  weaknesses  which  largely  control  the 
local  stability  of  the  tunnel  walls  and  crown.  The  observations  of  the  field 
geologic  mapping  are  presented  in  Figs.  4  through  10. 

Geologic  mapping  was  limited  to  the  areas  of  exposed  bedrock  between  Stas.  1+50  and 
7+50.  Figures  4  through  10  each  present  a  profile  of  both  the  north  and  south 
walls  of  a  100  feet  length  of  the  tunnel.  The  north  wall  is  shown  on  the  top  of 
the  figure  as  viewed  from  inside  the  tunnel,  while  the  south  wall  is  shown  on  the 
bottom  of  the  figure  as  viewed  by  an  observer  looking  out  into  the  tunnel.  This 
method  permits  the  direct  comparison  of  geologic  features  across  the  tunnel. 

The  strip  in  the  middle  of  each  figure  is  a  record  of  strike  and  dip  measurements 
of  key  geologic  features.  A  legend  for  the  strike  and  dip  measurements  is  shown 
in  Fig.  3. 

2.3   Tunnel  Geology 

The  bedrock  structure  exposed  in  the  crown  and  sidewalls  of  the  tunnel  consists  of 
a  series  of  sedimentary  strata  which  are  slightly  folded  upward  to  form  a  gently 
plunging  anticline  structure.  The  axis  of  the  anticline  roughly  parallels  the 
tunnel  axis  and  dips  slightly  (plunges)  toward  the  east  portal.  The  rock  strata 
comprising  the  anticline  consist  of  interbedded  sandstone,  siltstone,  shale,  and 
coal.  These  strata  have  been  disrupted  by:  1)  several  low  angle  normal  faults 
which  cross  perpendicular  to  the  tunnel  alignment  and  2)  nearly  horizontal  shearing 
and  thrusting  along  some  of  the  weaker  rock  strata. 

The  strata  exposed  in  the  tunnel  consisted  of  several  rock  types  which  were 
continuously  or  intermittently  exposed  along  the  walls  and  crown  of  the  tunnel. 
A  brief  description  of  each  of  these  rock  types  (listed  from  highest  to  lowest 
elevation)  is  presented  below. 

Upper  Sandstone  -  The  most  prevalent  rock  strata  exposed  in  the  tunnel 
is  a  brown  fine-grained  massive  to  thin-bedded  sandstone.  This  rock  is 
exposed  in  the  upper  14  to  ^/i  of  the  tunnel  and  forms  the  crown  of  the 
tunnel  throughout  its  entire  length.  In  several  areas  of  the  tunnel  the 
base  of  the  unit  contains  thin,  black  shale  interbeds.  In  general,  this 
unit  is  hard  and  competent  with  only  occasional  occurrences  of  joints 
other  than  bedding  plane  joints.  Numerous  fossilized  plants  were 
observed  in  the  upper  sandstone  as  discussed  in  Section  4. 
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Carbonaceous  Shale  -  The  base  of  the  upper  sandstone  strata  is  marked  by 
a  generally  thin,  intermittently  exposed  black  carbonaceous  shale  bed. 
In  total,  this  bed  was  observed  over  one  half  of  the  tunnel  length. 
However,  it  is  missing  in  places,  particularly  in  the  east  end  of  the 
tunnel  due  to  either  displacement  by  horizontal  shearing,  faulting 
and/or  lensing.   The  carbonaceous  shale  is  characteristically  fissile. 

Siltstone  -  Beneath  the  upper  sandstone  and  carbonaceous  shale  strata  is 
a  nearly  continuous  massive  gray  siltstone  strata  which  varies  in 
thickness  from  a  few  feet  near  Sta.  1+50  (Fig.  4)  to  greater  than  10 
feet  near  Sta.  7+50  (Fig.  10).  Between  Stas.  5+50  and  7+50,  the  "upper 
sandstone"  grades  laterally  into  this  gray  siltstone  stratum.  Between 
Stas.  1+50  and  4  +  50  (Figs.  4  to  7),  this  brittle  rock  is  severely 
fractured  in  place  as  a  result  of  what  appears  to  be  horizontal  shearing 
and  faulting.  Where  the  fracturing  is  severe,  the  rock  pieces  and  chips 
comprising  the  siltstone  strata  commonly  exhibit  polished  or  striated 
slickensided  surfaces,  and  in  places  the  strata  is  distorted  and/or 
crenelated. 

Coal  -  Within  the  thicker  portions  of  the  siltstone  stratum  between 
Stas.  5  +  50  and  7  +  50  (Figs.  8  to  10),  are  thin  (0.4  to  about  0.8  feet 
thick),  bituminous  coal  seams.  The  coal  is  sheared  and  displaced  by  two 
low-angle  normal  faults  near  Sta.  6+50  (Fig.  9).  West  of  the  faults 
there  is  only  one  coal  seam,  while  east  of  the  fault  there  are  two  coal 
seams.  This  suggests  that  there  is  probably  a  significant  strike-slip 
(lateral)  component  of  movement  along  the  faults  causing  one  of  the  coal 
seams  to  appear  pinched  out  on  the  western  down  thrust  side  of  the 
fault. 

Lower  Sandstone  -  A  lower  generally  massive  sandstone  stratum  was 
present  throughout  the  tunnel  invert  except  between  approximately  Stas. 
5+00  to  7+50  (Figs.  8  to  10)  where  it  dips  beneath  the  invert  of  the 
tunnel.  The  maximum  exposure  of  this  stratum  is  about  14  feet  thick  and 
is  comprised  of  an  upper  competent  massive  gray  to  black  sandstone 
underlain  by  rusty  brown  severely  fractured  sandstone.  The  portion  of 
the  tunnel  walls  comprised  of  the  lower  rusty  brown  sandstone  are 
severely  fractured  and  weathered  between  approximately  Stas.  1+50  and 
2+75. 
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At  Sta.  4+00  (Fig.  6),  a  major  normal  fault  truncates  the  massive  dark 
gray  to  black  sandstone  strata  and  the  more  fractured  lower  brown 
sandstone  unit  reappears  on  the  upthrown  (east)  side  of  the  fault.  Due 
to  the  moderately  fractured  nature  of  the  rusty  brown  sandstone 
extending  from  Sta.  4+00  to  Sta.  4+50,  the  tunnel  walls  are  significant- 
ly undermined  up  to  a  height  of  about  9  or  10  feet  above  tunnel  invert 
and  into  the  tunnel  walls  up  to  about  4  to  6  feet.  Appendix  B  presents 
cross  sections  and  a  centerline  profile  of  the  tunnel  prepared  by  EADS 
Group.  Examples  of  the  overhang  caused  by  weathering  of  the  rusty  brown 
sandstone  can  be  seen  in  cross  sections  at  Stas.  2+25,  4+37,  and  6+15 
(Appendix  B) . 
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3.   TEST  PIT  PROGRAM 

During  the  period  August  21  through  August  24,  1990,  a  total  of  six  test  pits  were 
hand  dug  both  within  and  outside  of  the  tunnel.  The  test  pits  were  excavated  by 
personnel  from  Charles  J.  Merlo,  Inc.  of  Mineral  Point,  Pennsylvania,  and  observed 
and  logged  by  a  GEI  engineering  geologist.  The  locations  of  the  test  pits  are 
shown  in  Fig.  2.   GEI's  test  pit  logs  are  presented  in  Appendix  A. 

Test  Pits  1  and  3  were  performed  at  the  base  of  the  masonry  arches  at  the  west  and 
east  portal  areas  at  Stas.  0+59  and  7+46,  respectively.  These  test  pits  were 
performed  to  investigate  the  foundation  configuration  at  the  bottom  of  the  arches 
and  to  investigate  the  bearing  characteristics  of  the  bedrock  supporting  the 
arches. 

Test  Pit  2  was  performed  across  the  full  width  of  the  tunnel  invert  at  Sta.  3+00. 
This  test  pit  documented  the  thickness  and  type  of  fill  placed  over  the  tunnel 
bedrock  invert,  the  depth  to  invert  bedrock,  and  the  location  and  depth  of  a  48- 
inch-diameter  concrete  water  main  installed  along  the  invert  of  the  tunnel  by 
Bethlehem  Steel  Company  in  the  1940s. 

Test  Pit  4  was  performed  at  the  base  of  the  intersection  of  the  concrete-lined 
portion  of  the  eastern  portal  area  with  the  original  masonry  lining.  The  purpose 
was  to  investigate  the  footing  foundation  configuration  for  both  the  concrete  liner 
and  adjacent  masonry  arch  and  to  investigate  the  depth  and  bearing  characteristics 
of  the  bedrock  supporting  the  arch  and  liner. 

Test  Pit  5  was  performed  at  the  south  side  of  the  west  portal  facade  to  investigate 
the  depth  and  configuration  of  the  foundation  and  bearing  characteristics  of  the 
bedrock  supporting  the  facade. 

Test  Pit  6  was  performed  on  the  north  side  of  the  east  portal  to  remove  the  soil 
fill  cover  and  examine  the  condition  of  the  original  masonry  arch  lining.  This 
area  of  the  arch  had  experienced  lateral  displacement  of  the  arch  axis  to  the  north 
of  its  original  position. 

Observations  made  in  the  test  pits  are  summarized  in  Table  Al,  Appendix  A. 
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4.   FOSSIL  EXPOSURES 


During  the  geologic  mapping  program,  numerous  exposures  of  what  appeared  to  be  tree 
fossils  were  observed  embedded  in  the  "upper  sandstone"  strata  of  the  tunnel  crown 
such  as  at  approximate  Sta.  1+90.  Closer  examination  and  photographs  of  these 
features  confirmed  the  presence  of  fossilized  remains  of  "scale"  trees.  Scale 
trees  are  ancient  species  of  trees  which  were  prevalent  over  the  geologic  time 
frame  during  which  the  sediments  forming  these  rocks  were  deposited,  i.e.,  about 
250-300  million  years  ago.  The  name  "scale"  trees  is  derived  from  the  fact  that 
when  their  close  set  leaves  died  and  fell  off,  they  left  permanent  scars  over  the 
truck  and  limbs  which  appear  to  be  a  "waffle-textured"  surface  (i.e.,  having 
scales) . 

Based  on  comparison  of  the  fossils  in  Staple  Bend  Tunnel  to  documented  carbonifer- 
ous plants  of  Pennsylvania  age,  these  fossils  closely  resemble  the  species 
Lepidophloios.  Pictures  of  similar  documented  species  are  included  in  Fig.  11, 
which  includes  an  artist's  rendering  of  the  species. 
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5.   TXJNNEL  STABILITY  EVALUATION 

5 . 1  General 

The  field  effort  was  performed  to  assess  the  long-term  stability  of  Staple  Bend 
Tunnel  and  to  evaluate  what  measures  could  be  taken  to  increase  tunnel  stability 
if  required.  An  evaluation  of  the  tunnel  stability  requires  knowledge  of:  1)  the 
condition  of  the  various  bedrock  types  present  and  2)  orientation  of  discontinu- 
ities (planes  of  weakness)  which  largely  control  rock  block  stability.  Large  scale 
slides  and  rockfalls  can  take  place  when  discontinuities  such  as  faults  or  bedding 
plane  joints  intersect  to  form  unrestrained  blocks  or  wedges.  Smaller  rockfalls 
resulting  from  spalling,  toppling,  or  crown  slabbing  are  dependent  on  the  degree 
of  fracturing,  jointing,  and  bedding  plane  thickness  of  the  rock  strata,  slides  and 
rockfalls  are  usually  caused  or  accelerated  by  surface  weathering,  frost  action, 
root  wedging,  and  water  pressure  in  discontinuities  in  the  rock. 

5.2  Significance  of  Rock  Structure  and  Discontinuities  on  Tunnel  Stability 

The  tunnel  alignment  is  coincident  with  the  axis  of  a  gently  folded  anticline  such 
that  the  rock  strata  bedding  planes  arch  downward  into  and  away  from  both  tunnel 
walls.  The  massive  "upper  sandstone"  bedrock  exposed  in  the  crown  of  the  tunnel 
(Subsection  2.3)  forms  a  natural  arch  over  the  tunnel.  The  general  configuration 
of  this  rock  structure  relative  to  the  tunnel  opening  provides  a  generally  stable 
condition.  Rock  above  and  below  bedding  planes  which  dip  downward  into  the  walls 
and  away  from  the  tunnel  opening  are  not  susceptible  to  slippage.  In  addition, 
arching  stresses  which  form  in  the  roof  rock  of  the  tunnel  tend  to  strengthen  the 
rock  and  increase  stability  by  inducing  compressive  stresses  in  the  lower  bedrock 
strata. 

The  orientations  of  faults  and  major  joint  sets  exposed  in  the  tunnel  were  observed 

to  evaluate  the  potential  for  these  features  to  contribute  to  tunnel  instability. 

In  general,  these  features  cross  the  tunnel  alignment  with  many  striking  nearly 

perpendicular  to  the  axis  of  the  tunnel.   Due  to  the  widely  spaced  nature  of  these 

features  and  their  orientations,  the  intersections  of  these  planar  weakness  with 

1  bedding  planes  or  with  each  other,  are  not  likely  to  result  in  a  large  number  of 

>  unstable  blocks  or  wedges  of  rock.   Nevertheless,  during  any  remedial  work  in  the 

I  tunnel,  close  inspection  of  all  potentially  adversely  bounded  rock  blocks  or  wedges 

•  should  be  made  to  define  any  bolting  or  stabilization  requirements  on  a  site-by- 

I  site  basis. 
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5.3  West  Portal  Facade 

The  west  portal  facade  has  experienced  some  displacement  and  distress,  particularly 
along  the  top  cornice.  Tree  roots  and  freeze/thaw  cycles  have  displaced  many  of 
the  top  masonry  courses.  Some  of  the  displaced  blocks  should  be  removed,  the  trees 
and  roots  eliminated,  and  the  blocks  reset  to  restore  the  facade  and  prevent  future 
distress.  During  this  work,  evidence  of  original  construction  methods  should  be 
recorded. 

Test  Pit  5  (Appendix  A)  showed  that  the  portal  facade  is  founded  on  competent 
sandstone.  Observations  indicate  that  the  sandstone  was  carefully  leveled  prior 
to  construction  to  form  a  true  base  for  the  facade  masonry.  The  facade  foundation 
is  in  very  good  condition. 

The  slope  above  the  portal  is  an  earth  backfill  placed  over  the  masonry  liner  to 
shed  rainfall  and  keep  the  tunnel  dry.  Heavy  tree  growth,  failure  of  dry  laid 
masonry  retaining  walls  adjacent  to  the  portal  facade  and  erosion  have  damaged  the 
earth  backfill.  The  dry  masonry  walls  should  be  restored;  the  trees,  stumps,  and 
roots  removed;  and  the  earth  backfill  restored. 

5.4  West  Masonry-Lined  Section 

Observations  made  during  the  preliminary  site  visit  on  February  15,  1990,  [Ref.  1] 
and  confirmed  during  the  August  21  to  24,  1990,  site  investigations  show  that  the 
west  masonry-lined  portion  of  the  tunnel  is  in  good  condition.  Test  Pit  1 
(Appendix  A)  showed  the  masonry  lining  to  be  founded  on  the  original  tunnel  invert 
bedrock.  The  masonry  consists  of  dressed  stones  tapered  to  fit  the  arch  shape. 
Evidence  of  mortar  between  masonry  blocks  was  observed  in  many  areas.  However,  in 
some  areas,  particularly  in  the  crown,  the  mortar  appears  to  have  been  lost  due  to 
long-term  leaching  by  ground  water  seepage.  During  original  construction,  the 
annular  space  between  the  masonry  arch  and  the  bedrock  tunnel  opening  was  filled 
with  hand  placed  rock  rubble  to  support  the  bedrock  and  distribute  the  load  of  any 
loose  bedrock  blocks  more  evenly  onto  the  masonry  lining. 

At  two  locations  on  the  west  masonry  lining  (Stas.  0+58  and  1+03),  individual 
blocks  in  the  crown  have  fallen  out  or  partially  displaced  due  to  loss  of  confining 
mortar.  At  Sta.  0+58,  a  crown  block  appears  to  have  split  on  a  natural  defect  with 
the  upper  half  remaining  in  place  and  the  lower  half  fallen  out.  At  Sta.  1+03,  a 
keystone  block  is  missing,  and  the  overlying  rubble  backfill  can  be  observed.   It 
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will  be  necessary  to  repoint  the  masonry  liner  for  safety  against  future  block 
falls  prior  to  opening  the  tunnel  to  public  access.  The  mortar  used  in  the 
repointing  will  need  to  be  sensitive  to  the  type  of  mortar  used  originally,  yet  be 
compatible  with  the  masonry  blocks. 

From  the  west  portal  facade  to  approximately  Sta.  0+30,  the  west  masonry  arch  is 
formed  by  uniform  dimension  stone  blocks  [Ref.  1].  Between  Stas.  0+30  and  0+40, 
the  masonry  arch  crown  transitions  from  uniform  to  variable  dimension  blocks  which 
are  used  throughout  the  remainder  of  the  masonry-lined  portion  of  the  tunnel. 

It  should  be  noted  that  the  outer  section  of  the  tunnel  masonry  lining  is  a 
transition  between  the  actual  bedrock  tunnel  and  the  portal  facade.  The  masonry 
lining  was  intended  to  support  the  weaker  bedrock  near  the  portal  and  was  extended 
beyond  the  bedrock  portal  face  to  provide  safety  against  falling  rock  or  other 
debris  that  might  otherwise  have  landed  on  the  railroad  tracks.  It  is  speculated 
that  the  transition  between  Stas.  0+30  and  0+40  occurs  at  the  original  rock  portal 
face  (i.e.,  the  actual  start  of  the  bedrock  tunnel).  Outside  of  the  original  rock 
portal,  the  masonry  arch  could  be  constructed  by  heavy  lifting  equipment  capable 
of  placing  blocks  weighing  up  to  500  pounds  each.  Inside  the  tunnel,  however,  the 
keystone  and  upper  crown  blocks  would  have  to  be  placed  by  manpower  on  top  of  a 
timber  frame  and  smaller  stones  were  required.  The  smaller  keystones  appear  to  be 
about  150  to  200  pounds  in  weight. 

5.5   Bedrock  Tunnel  Section 

In  general,  the  tunnel  crown  appears  to  be  in  good  condition.  Nevertheless,  the 
crown  of  the  tunnel  must  be  closely  inspected  to  locate  any  unstable  rock  blocks 
prior  to  permitting  public  access.  Unstable  blocks  should  be  removed  or  stabilized 
with  rock  dowels. 

'  Some  of  the  weaker  rock  strata  exposed  in  the  tunnel  walls,  particularly  the 

I   siltstone  stratum  and  the  rusty  brown  portion  of  the  lower  sandstone  stratum  have 

t  been  severely  fractured  in  place  by  what  appears  to  be  ancient,  near  horizontal 

(  shearing  and  thrusting  between  more  competent  underlying  and  overlying  rock  strata. 

Many  of  these  sheared  (fractured)  areas  have  been  eroded  and  undermined  by  active 

spalling  for  several  feet  in  form  the  original  tunnel  wall  surface  (Section  2). 

1  This  spalling  has  most  likely  been  caused  by  freeze/thaw  expansion  and  wet/dry 

cycles  acting  on  the  fracture  surfaces,  particularly  when  the  tunnel  was  open  at 

; both  ends  and  subjected  to  seasonal  variations  in  air  temperature.   Ground  water 
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infiltration  into  the  tunnel  may  also  have  contributed  to  the  spalling.  The 
spalling  observed  in  the  undermined  areas  will  not  influence  the  overall  stability 
of  the  tunnel,  particularly  since  the  air  temperature  in  the  tunnel  has 
equilibrated  due  to  closure  of  the  tunnel  portals.  However,  the  spalling  and 
erosion  is  expected  to  continue  and  if  left  unchecked  will  eventually  jeopardize 
the  stability  of  any  overhanging  rock  strata.  Activity  could  accelerate  if  the 
portal  closures  were  eliminated,  and  freeze/thaw  cycles  resumed  in  the  tunnel. 

The  overhangs  generally  occur  under  the  more  resistant  strata.  As  weathered 
material  falls  (spalls)  away,  it  piles  up  along  the  lower  wall  thus  protecting  the 
lower  exposure  against  further  deterioration.  Generally  the  fallen  material  forms 
slopes  of  about  45  degrees,  and  the  depths  of  overhangs  are  generally  limited  by 
the  rate  of  weathering  and  the  height  of  the  resistant  strata  above  the  invert. 
In  those  areas  where  overhangs  exceed  about  3  feet  horizontally  into  the  wall, 
stabilization  should  be  provided  to  prevent  future  rockfalls. 

Test  Pit  2  (Appendix  A)  was  excavated  at  Sta.  3+00  to  investigate  the  tunnel 
bedrock  invert  and  to  locate  the  Bethlehem  Steel  Company  water  supply  line.  The 
excavation  exposed  competent  sandstone  bedrock  at  a  depth  of  about  2.6  feet  (El. 
1426  ±).  The  water  supply  line  was  confirmed  as  a  48-inch-outside-diameter 
concrete  pipe  located  approximately  in  the  center  of  the  tunnel.  The  test  pit  did 
not  expose  the  invert  of  the  pipe. 

5.6  East  Masonry-Lined  Section 

The  east  masonry-lined  section  is  in  good  condition.  Test  Pit  3  (Appendix  A) 
showed  the  masonry  arch  to  be  founded  on  sound  sandstone.  The  crown  of  the  arch 
is  identical  to  that  observed  in  the  west  masonry-lined  section  with  variable 
masonry  block  dimensions.  At  Sta.  7+50,  the  three  blocks  forming  the  keystone  at 
the  interior  end  of  the  lining  have  been  displaced  upward.  The  cause  of  this 
displacement  is  unknown.  Only  limited  repointing  of  the  east  masonry  lining  will 
be  required.  The  mortar  used  for  repointing  must  be  sensitive  to  the  type  of 
mortar  originally  used,  yet  be  compatible  with  the  masonry  blocks. 

5.7  Concrete-Lined  Section 

The  masonry  lining  in  the  eastern  50  feet  of  the  tunnel  has  been  reinforced  with 
a  concrete  supplemental  liner.  Test  Pit  4  (Appendix  A)  showed  the  concrete  lining 
to  be  founded  on  a  free  form  footing  on  bedrock.   Construction  of  the  concrete 


-13- 

lining  used  conventional  timber  form  work  up  to  El.  1434  with  steel  liner  plate 
forms  used  to  complete  the  arch.  The  purpose  of  the  concrete  supplemental  liner 
is  to  insure  stability  of  the  disturbed  portal  masonry  liner  (Subsection  5.8).  The 
concrete  lining  is  in  excellent  condition  with  no  remedial  work  required. 

5.8   East  Portal  Facade 

The  east  portal  was  originally  constructed  with  the  same  facade  structure  as  the 
west  portal.  Reference  3  indicates  that  between  1890  and  1910,  the  east  portal 
facade  was  removed  to  supply  building  stone.  Some  fragments  of  the  east  facade 
masonry  have  been  located  at  the  site  with  one  large  block  of  the  north  side 
pilaster  still  in  place.  It  is  speculated  by  GEI  that  the  facade  may  have 
partially  collapsed  prior  to  removal  as  evidenced  by  the  generally  distressed  earth 
backfill  slopes  above  the  remaining  structure,  the  displaced  masonry  liner  at  the 
remaining  portal,  and  the  remnant  of  remaining  portal  facade  masonry. 

Before  general  public  access  to  the  tunnel  is  permitted,  the  area  above  the  east 
portal  should  be  stabilized.  All  trees  should  be  cleared  and  stumps  removed. 
Assuming  the  original  portal  facade  will  not  be  replicated,  all  loose  earth  and 
rock  backfill  should  be  removed  from  above  the  portal,  new  dry  stone  masonry  or 
concrete  retaining  walls  constructed  and  new  earth  backfill  placed  to  restore 
safety  against  debris  falling  from  above  the  portal.  Particular  care  must  be  taken 
to  stabilize  the  area  to  the  south  of  the  portal. 
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6.       TXraiNEL   REMEDIATION 

6 . 1  General 

Section  5  discusses  field  observations  related  to  tunnel  stability  evaluation. 
This  section  addresses  the  specific  remedial  work  required  to  permit  public  entry 
into  the  tunnel  and  to  preserve  the  tunnel  against  further  deterioration. 

6.2  West  Portal  Facade 

The  west  portal  facade  and  earth  backfill  slopes  require  remedial  work  to  preserve 
the  structure.  The  facade  itself  has  experienced  displacement  of  the  top  courses 
of  masonry  due  to  tree  root  growth  and  freeze/thaw  action.  These  displaced  blocks 
should  be  removed,  the  tree  roots  eliminated,  and  the  blocks  reset  for  public 
safety.  During  this  process,  any  evidence  of  the  facade  original  construction 
methods  should  be  recorded. 

Historic  project  photographs  show  major  dry  laid  stone  masonry  retaining  walls 
abutting  the  facade.  These  walls  have  partially  collapsed  or  been  removed  over  the 
years.  Loss  of  these  walls  has  permitted  erosion  and  loss  of  earth  backfill  over 
the  tunnel  masonry  liner  near  the  portal.  Trees  have  been  permitted  to  grow  on  top 
of  the  earth  backfill  slope  and  have  caused  additional  distress.  Remediation 
should  include  removal  of  trees  and  stumps  above  the  portal  lining,  restoration  of 
the  dry  laid  masonry  walls,  and  restoration  of  earth  backfill  over  the  tunnel 
lining  to  improve  runoff  and  seal  the  masonry  liner  against  rainwater  infiltration. 

6.3  West  Portal  Masonry  Lining 

The  west  portal  masonry  lining  is  in  fair  condition.  The  original  masonry 
construction  included  mortar  between  the  masonry  blocks  for  stability  and  to  seal 
the  portal  area  against  ground  water  infiltration.  Over  the  years,  the  cementi- 
tious  material  in  the  mortar  has  been  leached  out  by  ground  water  seepage  and  the 
mortar  sand  lost.  This  has  allowed  loss  of  two  crown  blocks  (Section  5.4)  and  a 
5-f oot-diameter  area  has  been  displaced  downward.  Due  to  the  interlocking  nature 
of  the  masonry  block  construction,  the  surrounding  blocks  in  these  distressed  areas 
have  shifted  to  preserve  stability  to  the  arch. 

Remediation  for  the  west  portal  masonry  lining  should  include  a)  repointing  of  the 
masonry  joints  above  the  spring  line,  b)  wedging  of  loose  blocks  to  restore 
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stability,  and  c)  replacement  of  lost  blocks.  Mortar  for  repointing  should  match 
the  color  (buff)  and  texture  (sandy)  character  of  the  original  mortar.  Repointing 
would  be  accomplished  from  a  truck  mounted  platform  providing  access  to  the  crown 
of  the  tunnel.  In  shallow  joints,  mortar  would  be  placed  using  conventional  mason 
tools  such  as  trowels.  For  deep  joints,  multiple  applications  with  mason  tool  or 
use  of  pressure  injection  methods  will  be  required  to  inject  the  mortar  as  deep 
into  the  joints  as  possible. 

If  the  missing  blocks  are  not  replaced,  the  surrounding  blocks  should  be 
stabilized,  and  the  rubble  backfill  above  the  arch  could  then  be  used  for 
interpretive  values  during  tours.  Wedges  for  stabilizing  the  masonry  blocks  should 
be  thin  stainless  steel  double  wedges,  lead,  or  other  material  to  insure  long  life. 

6.4   Bedrock  Tunnel  Section 

The  central  600  feet  of  Staple  Bend  Tunnel  consists  of  exposed  bedrock  on  the 
sidewalls  and  crown.  The  upper  1/4  to  1/2  of  the  tunnel  section  is  in  a  competent, 
brow,  fine-grained  massive  to  thin  bedded  sandstone.  This  upper  sandstone 
(Subsection  2.3)  forms  a  relatively  stable  arch  for  the  tunnel.  The  only  long-term 
risks  are  a)  the  potential  for  occasional  fall  of  a  slab  of  thinly  bedded  sandstone 
due  to  ground  water  or  freeze/thaw  action  or  b)  the  fall  of  a  rock  block  bounded 
by  natural  joints  or  fault  plains. 

Remediation  of  the  upper  sandstone  in  the  crown  of  the  tunnel  should  include  close 
inspection  from  a  truck  mounted  platform  to  identify  potentially  unstable  rock 
blocks  or  loose  slabs.  Any  questionable  rock  blocks  could  either  be  removed  or 
doweled  (pinned)  as  required  for  safety  and  economy.  This  stabilization 
requirement  is  expected  to  be  limited.  If  it  is  decided  to  remove  a  loose  block, 
care  should  be  taken  to  avoid  damage  to  the  Bethlehem  Steel  Company  water  line 
buried  in  the  tunnel  invert. 

Condition  of  the  tunnel  sidewalls  varies  significantly  along  the  tunnel.  In  many 
areas,  the  walls  are  stable  requiring  only  limited  removal  of  loose  debris  at  the 
base  of  the  walls.  In  other  areas,  long-term  weathering  of  the  weaker  shales  and 
siltstones  has  resulted  in  up  to  6  feet  undermining  of  the  more  resistant  overlying 
strata  (Section  2).  These  overhangs  constitute  a  potential  hazard  to  the  public. 
Remediation  could  include  removal  of  the  more  prominent  overhangs  by  breaking  the 
overhang  back  on  a  bevel.  The  limits  of  remediation  will  have  to  be  established 
on  a  site  specific  basis  during  construction. 
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An  alternative  to  breaking  back  the  major  overhangs  would  be  to  stabilize  them  with 
shoring  posts.  Shoring  posts  could  be  of  timber  or  tubular  steel  section.  Timber 
posts  are  subject  to  rot  and  would  introduce  a  fire  hazard  in  the  tunnel.  Tabular 
steel  shoring  posts  (Fig.  12)  would  avoid  the  fire  hazard,  but  would  be  non-period 
construction.  The  tubular  steel  shoring  posts  could,  however,  be  interpreted  as 
part  of  the  life  cycle  of  the  tunnel  and  required  for  public  safety. 

A  third  option  would  be  to  do  nothing,  but  restrict  public  access  to  a  central  10- 
foot  path  through  the  tunnel  with  chain  barriers  to  keep  people  away  from  the  more 
dangerous  areas.  This  option  is  viable  only  if  guided  tours  are  permitted  into  the 
tunnel. 

6.5  East  Portal  Concrete/Masonry  Lining 

The  east  portal  concrete  and  masonry-lined  portions  of  the  tunnel  are  in  good 
condition.  Other  then  minor  repointing  of  the  masonry-lined  section,  no 
remediation  is  required  in  this  area.  Repointing  would  be  limited  to  the  area 
above  the  springline  and  would  use  the  same  methods  as  proposed  for  the  west 
masonry-lined  section  (Subsection  6.3). 

6.6  East  Portal  Facade 

The  east  portal  facade  has  been  lost,  and  the  masonry  lining  has  suffered  major 
translational  displacements  to  the  north.  Whether  this  translational  displacement 
was  due  to  collapse  or  deliberate  removal  of  the  original  facade  is  uncertain. 
Further  distress  to  the  masonry  arch  may  have  occurred  in  1940s  during  construction 
of  the  Bethlehem  Steel  Company  water  line.  The  concrete  portion  of  the  east  portal 
liner  appears  to  have  been  installed  in  the  1940s  to  restore  stability  of  the 
masonry  arch  prior  to  or  following  completion  of  the  water  line. 

Following  loss  of  the  facade,  the  earth  backfill  over  the  masonry  lining 
experienced  major  erosion.  Trees  have  developed  on  the  slope  above  the  portal  and 
a  large  mass  of  bedrock  and  earth  is  sliding  on  the  south  side  of  the  portal. 
Remediation  at  the  east  portal  should  include  removal  of  the  slide  mass  on  the 
south  side  of  the  portal  back  to  any  natural  bedrock  exposure  on  the  abutment. 
Trees,  stumps,  and  roots  should  be  removed  from  above  the  portal  area.  Retaining 
walls  should  be  restored  adjacent  to  the  portal  and  backfilled.  The  retaining 
walls  should  be  of  such  size  and  elevation  to  trap  any  debris  falling  down  the 
slope  above  the  portal  to  protect  the  public. 
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6.7   Construction  Contract  Form 

The  work  exterior  to  the  west  and  east  portals  can  be  reasonably  defined  and 
engineered.   This  work  would  be  suitable  for  a  lump  sum-type  contract. 

Work  required  inside  the  tunnel  is  very  site  specific  and  will  not  lend  itself  to 
detailed  engineered  drawings.  For  work  inside  the  tunnel,  a  combined  unit  price 
and  time-and-material  contract  is  recommended.  This  type  of  contract  will 
substantially  reduce  engineering  costs  for  the  bid  package.  During  construction, 
a  knowledgeable  site  engineer  would  work  closely  with  the  contractor  to  specify 
detailed  work  at  each  point  along  the  tunnel.  This  method  of  engineered 
construction  will  reduce  the  conservatism  required  by  an  engineered  construction 
package  and  provide  major  engineering  and  total  project  cost  savings. 
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7.   ENGINEER'S  COST  ESTIMATE 

7 . 1  General 

Staple  Bend  Tunnel  has  been  found  to  be  in  relatively  good  condition  for  a  160- 
year-old  facility.  Section  6  identified  the  remedial  work  required  to  be  performed 
prior  to  allowing  general  public  access  to  the  tunnel.  This  section  provides 
engineer's  cost  estimates  (Table  1)  for  the  remedial  work  required  inside  the 
tunnel  only.  Costs  of  remedial  work  on  the  west  portal  facade,  stabilization  of 
slopes  above  the  east  and  west  portals,  and  other  exterior  work  are  addressed  by 
Sellards  &  Grigg  ([Ref.  2]. 

7.2  West  Masonry-Lined  Section 

Priority  work  required  to  stabilize  the  west  masonry-lined  section  consists  of 
replacing  the  lost  crown  blocks  at  Stas.  0+58  and  1+03.  Repointing  of  the  stone 
masonry  above  the  tunnel  springline  is  required  to  prevent  future  block  falls. 
General  cleanup  of  the  tunnel  invert  in  this  section  is  a  low  priority  item. 

7.3  Bedrock  Tunnel  Section 

Priority  work  required  in  the  unlined  bedrock  tunnel  section  consists  of  protecting 
against  rockfalls  from  the  tunnel  crown.  This  work  will  include  wedging  and 
barring  down  loose  rock  blocks  or  dowelling  to  secure  potentially  unstable  larger 
blocks  in  place. 

Secondary  priority  work  includes  protecting  the  public  from  rockfalls  from  the 
tunnel  walls  by  stabilizing  the  major  overhangs,  identified  in  Subsection  6.4. 
Table  1  includes  cost  estimates  for  four  options  to  provide  the  necessary 
protection  including:  a)  steel  shoring  posts,  b)  timber  shoring  posts,  c)  breaking 
back  overhanging  rock  blocks,  or  d)  providing  a  walkway  with  railings  to  keep  the 
public  away  from  the  rock  walls. 

In  addition  to  stabilizing  the  major  overhangs,  it  may  be  possible  to  apply  a 
sealant  to  the  weaker  bedrock  strata  to  retard  weathering  and  slaking.  This  is  a 
low  priority  work  item  as  is  the  general  tunnel  invert  cleanup. 
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7.4  East  Masonry-Lined  Section 

Remedial  work  for  the  east  masonry-lined  section  will  consists  of  repointing  the 
masonry  above  the  springline  and  general  cleanup  of  the  tunnel  invert.  The  masonry 
pointing  is  an  intermediate  priority  item,  while  the  general  invert  cleanup  is  a 
low  priority  item. 

7.5  East  Concrete-Lined  Section 

The  concrete-lined  section  is  in  good  condition.  Other  than  the  general  cleanup 
of  the  tunnel  invert,  no  remedial  work  is  required  in  this  section. 
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TABLES 


TABLE  1  -  ENGINEER'S  COST  ESTIMATE 
Remedial  Work 
Staple  Bend  Tunnel 


Section 


Priority* 


Cost** 


West  Masonry-Lined  Section  (150  feet) 

a.  Replace  Lost  Blocks 

b.  Repointing 

c.  Tunnel  Invert  Cleanup 

Bedrock  Tunnel  Section  (600  feet) 

a.  Tunnel  Crown 

(1)  Wedging  and  Barring 

(2)  Dowels 

b.  Tunnel  Walls 

(1)  Steel  Shoring  Post  Option 

(2)  Timber  Shoring  Post  Option 

(3)  Break  Back  Overhangs  Option 

(4)  Fenced  Path  Option 

(5)  General  Rock  Removal 

(6)  Sealing  Lower  Red  Sandstone 

c.  Tunnel  Invert  Cleanup 

East  Masonry-Lined  Section  (100  feet) 

a.  Repointing 

b.  Tunnel  Invert  Cleanup 

East  Concrete -Lined  Section  (50  feet) 
a.   Tunnel  Invert  Cleanup 


1 

$      3,500 

1 

11,500 

3 

3,500 

1 
1 


2 
2 
2 
2 
2 
3 


2 
3 


20,700 
23,000 


12,500 
7,200 
69,000 
20,700 
20,000 
13,800 

13.800 


3,500 
2,300 


1.200 


^Priority 

1.  Required  for  public  safety 

2.  Optional  Item  for  public  safety 

3.  Not  required  for  public  safety 

**   Costs  include  contingency  of  15%. 

No  mobilization/demobilization,  field  office,  or  insurance  bond  included, 
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MAP    SYMBOL 


DESCRIPTION 


iu° 


STRIKE    AND    DIP    (DEGREES)    OF    BEDDING 
OR    BEDDING    PLANE    JOINTS 


62° 


STRIKE   AND    DIP    (DEGREES)    OF   MAJOR 
JOINTS 


HORIZONTAL   JOINT 


ANTICLINE    SHOWING    TRACE    OF   AXIAL   PLANE 
AND    PLUNGE    OF   AXIS    (LONG    DIMENSION) 


DOUBLET    PLUNGING   ANTICLINE    SHOWING 
CULMINATION 


PROFILE   SYMBOL 


DESCRIPTION 


STRATA   CHANGE,    DASHED    WHERE    INFERRED 
OR   TRANSITIONAL 


FACIES   CHANGE,    (UTERAL   GRADATIONAL 
TRANSITION) 


FAULT   OR    SHEAR    ZONE,    DASHED    WHERE 
INFERRED    OR    INDISTINCT.    ARROWS    INDICATE 
RELATIVE    DIRECTION    OF   DISPUCEMENT 
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Artists  rendering  from  fossil  remains  of  the 
species  Lepidodendron.   This  type  of  vegetation 
thrived  in  swampy  lowlands  which  were  common 
during  the  Pennsylvanian  Period,  about 
300  million  years  ago. 


Fossil  pieces  of  bark  of  the  "scale"  trees,  showing 
characteristic  arrangement  of  leaf  scars 


Lepidodendron 


Lepidophloios 


fT- 
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APPENDIX  A 


Test  Pit  Logs 
August  21  -  24,  1990 


Note:   See  Photograph  Nos.  1  through  6  Appendix  C. 


TABLE  Al  -  TEST  PIT  LOGS 

Staple  Bend  Tunnel 
Johnstown,  Pennsylvania 


Page  1  of  3 


Test  Pit 
No. 


Station 


Location 


Description  of  Findings 


TPl 


0+59 


Base  of  west  portal 
arch  at  base  of 
right  (south)  wall. 


TP2 


3+00 


Excavation  per- 
formed across  full 
width  of  tunnel 
invert 


Masonry  block  arch  wall  in  this  area 
extends  to  a  depth  of  about  2.6  feet 
below  present  invert.   Tunnel  invert 
soil  (fill)  consists  of  clayey  gravel 
and  sand.   Lowermost  masonry  arch 
blocks  are  supported  on  a  flat  bed- 
rock "shelf"  comprised  of  sandstone. 
A  0-0.3  feet  thick  layer  of  silty 
fill  was  present  between  the  masonry 
arch  wall  and  bedrock.   This  soil 
appears  to  have  been  placed  as  a 
leveling  medium  prior  to  placement  of 
the  initial  course  of  masonry  blocks. 

The  depth  of  this  excavation  varied 
from  1.6  to  2.6  feet.   On  the  south- 
ern end  of  the  test  pit,  fractured 
sandstone  was  encountered  at  a  depth 
of  2.6±  feet.   A  48-inch-O.D.  con- 
crete water  main  was  encountered  near 
the  center  of  the  excavation,  located 
about  1.0  feet  right  of  the  surveyed 
centerline  of  the  tunnel.   The  top  of 
the  pipe  was  encountered  at  a  depth 
of  1.6  feet.   The  invert  of  the  pipe 
is,  therefore,  estimated  to  be  5.6 
feet  below  present  tunnel  invert 
grade.   Pipe  bedding  if  present  below 
the  pipe  was  not  observed.   The  north 
end  of  the  test  pit  was  terminated  in 
the  invert  soils  (fill)  at  depths 
ranging  from  about  0.5  to  2  feet. 
The  invert  soils  (fill)  consisted  of 
clayey  sand  and  gravel. 
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Test  Pit 
No. 


Station 


Location 


Description  of  Findings 


TP3 


7+46 


West  end  of  east 
portal  arch  at  base 
of  right  south 
(wall) . 


TP4 


8+50 


West  end  of  con- 
crete lining  at 
base  if  right 
(south)  wall. 


TP5 


0+00 


West  portal  facade, 
at  base  of  orna- 
mental column 


Masonry  block  arch  wall  in  this  area 
extends  to  a  depth  of  1.2  feet  below 
present  tunnel  invert.   Invert  soil 
(fill)  consists  of  clayey  sand  and 
gravel.   Lowermost  masonry  arch 
blocks  are  directly  supported  on  a 
bedrock  "shelf"  comprised  of  frac- 
tured siltstone. 

The  concrete-lined  section  consists 
of  two  poured  5- foot-high  footing 
walls  supporting  a  formed  concrete 
arch.   The  footing  wall  is  supported 
by  a  one -foot -thick  free -formed, 
continuous  footing  which  was  poured 
against  the  masonry  arch  prior  to  the 
wall  construction.   The  top  of  the 
footing  is  less  than  0.2  feet  below 
the  tunnel  invert.   The  width  of  the 
footing  is  about  2.8  feet.   The 
footing  is  supported  on  clayey  gravel 
fill  and  is  "keyed"  along  the  top  to 
accept  the  poured  footing  wall. 
Standing  water  was  encountered  in  the 
excavation  at  the  elevation  of  the 
bottom  of  the  footing. 

The  column  (and  facade)  are  con- 
structed of  cut  and  dressed  sand- 
stone.  The  base  of  the  column  con- 
sists of  1.3  feet  high  by  1.3  feet 
deep  by  3.5  feet  long  blocks  which 
extend  to  a  depth  of  3 . 7  feet  below 
the  present  invert.   The  lowermost 
block  is  supported  on  hard,  competent 
sandstone.   The  sandstone  appears  to 
step  downward  slightly  immediately 
adjacent  to  the  base  blocks  probably 
as  part  of  the  leveling  effort  to 
place  the  first  course  of  blocks 
forming  the  facade . 
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Test  Pit 
No. 


Station 


Location 


Description  of  Findings 


TP6      8+99    North  side  of  the 
approx.   east  portal  arch 

looking  out  of  the 
tunnel,  the  test 
pit  is  in  the  8  to 
11  o'clock  posi- 
tion. 


This  test  pit  was  performed  to  remove 
soil  fill  from  the  top  of  the  archway 
and  examine  the  condition  of  the 
facier  blocks  at  or  near  the  edge  of 
the  arch.   The  position  of  the  newly 
uncovered  masonry  blocks  inward  from 
the  portal  opening  suggests  that  this 
portion  of  the  masonry  essentially 
moved  together  with  the  blocks  at  the 
face  of  the  arch  rather  than  the 
facier  blocks  moving  or  pivoting 
independently  from  the  interior 
blocks . 
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Tunnel  Profile  and  Cross  Sections 
Survey  by  EADS  Group 

Plotted  by  Sellards  &  Grigg,  Inc. 
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APPENDIX  C 


PHOTOGRAPHS 


Photo  No.  Description 


1  Test  Pit  No.  1:   Sandstone  bedrock  foundation  for  west  masonry  lining 
at  Sta.  0+59. 

2  Test  Pit  No.  2:   48-inch-outside-diameter  concrete  water  supply  line 
at  Sta.  3+00. 

3  Test  Pit  No.  3:   Foundation  for  east  masonry  lining  at  Sta.  7+46. 

4  Test  Pit  No.  4:    Foundation  for  concrete  and  masonry  lining  at 
Sta.  8+50. 

5  Test  Pit  No.  5:   Foundation  for  west  portal  facade  at  Sta.  0+00. 

6  Test  Pit  No.  6:   South  face  of  east  portal  masonry  lining,  Sta.  8+95 
to  Sta.  9+00. 

7  Missing  arch  crown  block  at  Sta.  1+03.   Note  rubble  backfill  above 
masonry  lining. 

8  Masonry  lining  at  Sta.  7+50.   Note  annular  space  between  masonry  and 
rock  wall. 

9  Typical  overhang  caused  by  erosion  of  rusty  brown  sandstone  near 
Sta.  2+00. 

10  Fossil  scale  tree  near  Sta.  1+90. 

11  Fault  with  displacement  of  coal  bed  near  Sta.  6+50. 

12  Eroded  backfill  slope  to  north  of  east  portal.  Note  collapsed 
retaining  wall,  trees,  and  remnant  of  original  portal  facade  (center 
bottom  of  photo) . 
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Sandstone  bedrock  foundation  for  west 

masonry  lining  at  Sta.  0+59. 


Test  Pit  No.  2: 

48  inch  outside  diameter  concrete 

water  supply  line  at  Sta.  3+00. 


Test  Pit  No.  3: 
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lining  at  Sta.  8+50. 
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Test  Pit  No.  5: 

Foundation  for  west  portal  facade  at  Sta.  0+00. 


Test  Pit  No.  6: 

South  face  of  east  portal  masonry  lining,  Sta.  8+95  to  Sta. 

9+00. 
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Missing  arch  crown  block  at  Sta.  1+03. 
Note  rubble  backfill  above  masonry  lining. 


Masonry  lining  at  Sta.  7+50. 

Note  annular  space  between  masonry  and  rock  wall. 


Typical  overhang  caused  by  erosion  of  rusty  brown  sandstone 
near  Sta.  2+00. 


Fossil  scale  tree  near  Sta.  1+90. 


Fault  with  displacement  of  coal  bed  near  Sta.  6+50. 
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Eroded  backfill  slope  to  north  of  east  portal.  Note  collapsed 
retaining  wall,  trees  and  remnant  of  original  portal  facade 
(center  bottom  of  photo). 
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I .   INTRODUCTION 


The  Staple  Bend  Tunnel  is  located  approximately  five  miles  north 
of  Johnstown,  Pennsylvania  (Figure  1)  .  It  was  constructed  as  part 
of  the  Allegheny  Portage  Railroad  in  1831  (Toogood  1973:57).  The 
tunnel  measures  20  feet  in  width,  19  feet  in  height,  and  901  feet 
in  length.  Planned  development  by  the  National  Park  Service  (NPS) 
includes  the  construction  of  trails,  interpretive  exhibits  and 
kiosks,  as  well  as  stabilization  and  possible  restoration  of  the 
tunnel.   A  final  design  has  not  yet  been  completed. 

Geotechnical  testing  of  the  tunnel  was  monitored  by  Karen  Orrence, 
an  archeologist  with  Louis  Berger  &  Associates,  Inc.  (LBA) .  The 
purpose  of  the  monitoring  was  to  record  any  archeological  data  that 
would  be  uncovered  by  ground  disturbing  activities  associated  with 
the  geotechnical  tests.  The  Scope  of  Services  that  was  prepared 
by  the  NPS,  Denver  Service  Center,  Eastern  Applied  Archeology 
Center,  stated  that  archeological  data  recovered  during  monitoring 
will  provide  useful  information  in  the  planning  and  design  for 
future  stabilization  and  interpretive  programs  involving  Staple 
Bend  Tunnel.  In  addition,  monitoring  will  insure  that  any  impacts 
on  archeological  resources  incidental  of  geotechnical  testing  will 
be  archeologically  mitigated. 
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FIGURE  1    Vicinity  Map 


SOURCE  :  USGS  7.5  Minute  Series,  Geistown,  Pa.  J964,photorevised  1981 
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II.   DESCRIPTION  OF  FIELDWORK 


A.   INTRODUCTION 

Fieldwork  was  conducted  between  August  20  and  24,  1990.  All 
cultural  resources  exposed  were  documented  with  measured  drawings 
(plans  and  profiles) ,  photographs,  and  field  notes.  Soils  were 
described  by  texture,  according  to  USDA  classifications,  and 
Munsell  soil  color.  Photographs  were  taken  where  appropriate. 
Artifacts  were  not  collected,  but  identified  and  noted  in  the 
field. 

The  number  and  placement  of  the  hand-excavated  test  pits  was 
determined  by  the  Denver  Service  Center  and  the  contractors 
conducting  the  geophysical  investigations  (GEI  Consultants,  Inc./ 
Sellards  &  Grigg)  .  The  exact  location  of  the  six  tests  will  be 
shown  on  a  map  being  prepared  by  the  geophysical  consultants. 
Figure  2  is  a  schematic  (not  to  scale)  that  shows  the  approximate 
location  of  each  test.  The  dimension,  location,  and  purpose  of 
each  test  unit  are  summarized  below. 

Test  Unit  1  was  a  3 . 5-by-4  foot  unit  placed  adjacent  to  the  dressed 
stone  liner  along  the  south  wall  of  the  tunnel,  near  the  western 
portal.  This  test  was  excavated  to  locate  the  base  of  the  stone 
liner. 

Test  Unit  2  was  a  3-by-24  foot  unit  excavated  across  the  width  of 
the  tunnel  to  define  the  location  and  the  method  of  placing  the 
48-inch-diameter  water  pipe  that  runs  through  the  tunnel.  This 
pipe  was  installed  by  Bethlehem  Steel  in  the  1930s  or  1940s. 

Test  Unit  3,  a  3-by-5  foot  unit,  was  excavated  adjacent  to  the  end 
of  the  dressed  stone  liner  along  the  south  wall  of  the  tunnel  near 
the  eastern  portal.  The  purpose  of  this  unit  was  to  gain 
architectural/engineering  data  on  the  depth  of  the  dressed  stone 
liner,  its  method  of  construction,  and  its  relationship  to  the 
tunnel  wall  and  floor. 

Test  Unit  4  was  a  4-by-4  foot  test  excavated  at  the  end  of  the 
masonry  liner  along  the  south  wall  of  the  tunnel  near  the  eastern 
portal.  This  unit  was  excavated  to  gain  architectural/engineering 
data  on  the  construction  of  the  masonry  liner  and  its  relationship 
to  the  dressed  stone  liner  and  tunnel. 

Test  Unit  5,  a  2 . 5-by-5  foot  unit,  was  placed  outside  of  the  tunnel 
adjacent  to  the  facade  of  the  West  Portal.  This  test  was  excavated 
to.  locate  the  base  of  the  portal  facade. 

Test  Unit  6  was  excavated  at  the  East  Portal  to  expose  the  top  of 
the  tunnel  and  the  dressed  stone  liner.  This  test  roughly  measured 
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5.5-by-9  feet.  This  test  was  excavated  to  reveal  why  the  east  end 
of  the  tunnel  has  shifted. 


B.   TEST  UNIT  DESCRIPTIONS 

Test  Unit  1  was  excavated  around  an  area  that  had  subsided  to  a 
depth  of  about  one  foot.  The  cause  of  this  erosion  was  not 
determined.  The  unit  was  excavated  to  a  depth  of  four  feet  below 
present  ground  surface  (Figure  3)  .  Only  one  soil  stratum  was 
observed,  a  lOYR  5/1  gray  silty  clay  mottled  with  a  lOYR  7/6  yellow 
clay.  These  were  very  wet,  dense  clays  that  contained  a  few  small 
sandstone  fragments.  This  thick  deposit  of  fill  was  also  found  in 
Test  Unit  4  around  the  masonry  liner  footing.  The  masonry  liner 
was  probably  installed  by  Bethlehem  Steel  around  the  same  time  as 
the  concrete  water  pipe. 

Three  additional  courses  of  the  dressed  stone  liner  were  exposed 
in  this  unit.  The  base  of  the  dressed  liner  rests  directly  upon 
sandstone  bedrock.  The  original  floor  of  the  tunnel  was 
encountered  3.5  feet  below  present  ground  surface.  The  floor  was 
composed  of  sandstone  bedrock.  Two  wire  nails  were  noted  in  this 
test  unit,  but  not  collected.  No  other  artifacts  or  evidence  of 
the  track  were  found. 

Test  Unit  2  was  a  trench  excavated  across  the  width  of  the  tunnel. 
The  tunnel  was  24  feet  wide  at  this  location.  At  the  south  end  of 
the  trench,  the  bedrock  floor  of  the  tunnel  was  encountered  2.3 
feet  below  present  ground  surface.  The  bedrock  tunnel  floor  ends 
approximately  4  feet  from  the  south  wall  of  the  tunnel.  At  this 
point,  the  bedrock  floor  was  excavated  deeper  to  install  the  48- 
inch  concrete  water  pipe.  The  top  of  the  pipe  was  1.5  feet  below 
present  ground  surface. 

Eleven  soil  strata  were  recorded  in  Test  Unit  2  (Figure  4).  The 
utility  trench  excavated  for  the  concrete  water  pipe  contained  two 
strata,  A  and  K.  The  backfill  from  the  utility  trench  was  spread 
the  entire  width  of  the  tunnel.  Stratum  A  was  the  first  strata  in 
the  utility  trench.  It  was  a  mixture  of  lOYR  4/1  dark  gray,  lOYR 
4/2  dark  grayish  brown,  and  lOYR  4/3  brown/dark  brown  silty  clay 
loam  with  large  mottles  of  lOYR  6/2  light  brownish  gray  silty  clay 
and  2 . 5Y  6/6  olive  green  clay.  Several  board  fragments  were  found 
in  this  stratum  on  the  north  side  of  the  concrete  pipe.  These 
boards  were  not  found  in  situ.  The  boards  smelled  of  creosote  and 
were  probably  the  remains  of  an  earlier  wooden  stave  water  pipe 
installed  by  Bethlehem  Steel.  A  section  of  this  wooden  water  pipe 
was  discovered  during  archeological  testing  of  Level  1  in  1989 
(Holt  and  Alterman  1990)  .  Stratum  K,  the  second  stratum  in  the 
utility  trench,  was  found  on  the  north  side  of  the  concrete  water 
pipe.  It  was  a  5YR  4/2  reddish  gray  silty  loam  with  sandstone 
fragments  and  decayed  boards.  The  reddish  color  was  caused  by  the 
large  amount  of  decayed  wood  in  the  soil. 
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FIGURE  3  Test  Unit  1,  North  Profile 
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FIGURE  4  Test  Unit  2,  South  Profile 
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FIGURE  4   Test  Unit  2,  South  Profile 


Eight  strata  could  be  seen  under  the  utility  backfill  at  the  south 
end  of  the  trench.  All  of  the  strata  appear  to  be  rockfall 
deposits.  No  artifacts  were  found  in  any  of  these  strata.  Stratum 
B  was  a  7 . SYR  2/0  black  silt  loam  with  some  sandstone  fragments. 
It  was  very  light/loose  in  texture.  This  same  soil  was  found  near 
the  base  of  the  unit,  in  Stratum  H.  It  was  also  found  in  two  other 
excavation  units,  Stratum  B  in  Test  Units  3  and  6.  Stratum  C  was 
a  lOYR  4/2  dark  grayish  brown  silty  clay  with  small  fragments  of 
sandstone.  This  same  deposit  was  found  beneath  the  utility 
backfill  at  the  north  end  of  the  trench.  Stratum  C  in  Test  Unit 
6  was  also  this  soil  color  and  texture.  Stratum  D  was  a  lOYR  4/1 
dark  gray  decayed  shale.  This  shale  was  found  in  Test  Units  3  and 
4  as  well.  It  was  called  Stratum  C  in  Test  Unit  3  and  Stratum  A 
in  Test  Unit  4.  Stratum  E  was  a  small  pocket  of  lOYR  3/1  very  dark 
gray  silty  clay.  Stratum  F  was  a  mixture  of  lOYR  4/1  dark  gray 
clay  and  decayed  shale.  Stratum  G  was  a  pocket  of  decayed  shale 
found  within  Stratum  F.  Stratum  I  was  a  thin  layer  of  decayed 
sandstone.  This  was  the  decaying  top  layer  of  the  tunnel  floor. 
Beneath  this  stratum  was  the  solid  bedrock  floor  of  the  tunnel. 
Stratum  L  was  found  in  patches  across  the  top  surface  of  the 
present  ground  surface.  It  was  a  lOYR  4/2  dark  grayish  brown  silt 
loam  with  sandstone  fragments.  This  recent  deposit  was  called 
Stratum  G  in  Test  Unit  3  and  could  be  seen  throughout  the  length 
of  the  tunnel. 

Test  Unit  3  was  excavated  at  the  east  portal  end  of  the  tunnel 
adjacent  to  the  end  of  the  dressed  stone  liner.  The  dressed  stones 
step-out  in  a  quoin-fashion  (Figure  5) .  The  base  of  the  dressed 
stones  rest  upon  siltstone  bedrock  1.6  feet  below  present  ground 
surface.  The  floor  of  the  tunnel  was  located  2  feet  below  present 
ground  surface. 

The  soil  stratigraphy  in  Test  Unit  3  was  very  similar  to  that  in 
Test  Unit  2  (Figure  6) .  Strata  A,  B,  C,  and  G  were  the  same  soils 
as  found  in  Test  Unit  2  and  have  already  been  described.  Stratum 
D  was  a  pocket  of  lOYR  5/6  yellowish  brown  shale  found  within 
Stratum  C.  Stratum  E  was  a  lOYR  5/3  brown  shale  deposit  found 
above  the  siltstone  bedrock  floor  of  the  tunnel  at  the  south  end 
of  the  unit.  At  the  north  end  of  the  unit,  Stratum  F  appears  above 
the  siltstone  bedrock  floor.  Stratum  F  was  a  lOYR  3/1  very  dark 
gray,  gritty,  decayed  shale  which  contained  artifacts.  A  thin, 
green-tinted  window  glass  fragment  and  one  badly-corroded  railroad 
spike  were  found  in  this  stratum. 

Several  other  artifacts  were  found  in  this  unit.  These  artifacts 
were  found  in  the  backdirt  and  have  no  provenience.  They  probably 
came  from  Stratum  F.  They  include  one  rail  chair,  two  iron  wire 
fragments,  one  iron  spike,  one  large  iron  bolt  with  square  nut 
attached,  and  a  board  fragment. 
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Test  Unit  4  was  excavated  at  the  east  portal  end  of  the  tunnel, 
adjacent  to  the  end  of  the  masonry  liner.  The  masonry  liner  was 
composed  of  concrete.  A  concrete  footer  for  the  liner  was 
uncovered  in  the  test  unit  (Figure  7).  The  footer  extended  4.5 
feet  west  and  1.5  feet  north  of  the  liner,  and  was  1.05  feet  thick. 
An  architectural  feature,  a  keyway,  was  found  on  the  top  surface 
of  the  footer.  The  keyway  indicated  that  the  footer  was  poured 
separately  from  the  liner.  The  masonry  liner  was  not  tied  into  the 
dressed  stone  liner,  but  butted  up  against  it. 

Test  Unit  4  contained  only  two  strata,  both  of  which  were  found  in 
other  test  units  (Figure  8)  .  Stratum  A,  a  lOYR  4/1  dark  gray 
decayed  shale,  was  also  found  in  Tests  Units  2  and  3.  Stratum  B 
was  the  same  lOYR  5/1  gray  silty  clay  mottled  with  lOYR  7/6  yellow 
clay  found  in  Test  Unit  1.  Standing  water  was  encountered  1.3  feet 
below  present  ground  surface.   No  artifacts  were  found. 

Test  Unit  5  was  excavated  outside  of  the  tunnel,  adjacent  to  the 
west  portal  facade.  The  base  of  the  facade  was  located  4  feet 
below  present  ground  surface  (Figure  9) .  The  stone  facade  rests 
upon  sandstone  bedrock.  Six  soil  strata  were  found.  Strata  A  and 
B  were  slope  erosion  deposits  washed  down  from  the  hillside  above. 
Stratum  A  was  a  mixture  of  lOYR  5/1  gray  silty  clay,  lOYR  6/4  light 
yellowish  brown  stiff  clay,  and  lOYR  3/1  very  dark  gray  broken 
shale  fragments.  Stratum  B  was  a  mixture  of  lOYR  3/1  very  dark 
gray  broken  shale  fragments  and  lOYR  2/1  black  silt.  Stratum  C 
appears  to  be  a  buried  A-horizon.  It  was  a  lOYR  3/1  very  dark  gray 
silty  loam,  very  organic  in  texture.  Strata  D,  E,  and  F  appear  to 
be  historic  deposits.  Stratum  D  was  a  7.5YR  5/4  fine  sand 
containing  very  decayed  brick  fragments.  This  may  be  the  remains 
of  a  brick  paving  between  the  tunnel  and  Engine  House  1.  Stratum 
E  was  a  lOYR  4/2  dark  grayish  brown  silty  clay  which  contained  no 
rock  fragments.  A  corroded  iron  fragment  could  be  seen  in  this 
stratum.  Stratum  F  was  a  lOYR  5/3  brown  silty  clay  with  mottles 
of  lOYR  5/4  brown  silty  clay  and  very  small  fragments  of  sandstone. 
No  artifacts  were  recovered  from  this  stratum.  Beneath  Stratum  F 
was  sandstone  bedrock. 

Several  artifacts  were  found  in  Test  Unit  5  during  excavation. 
These  have  no  strata  provenience.  They  included  one  wrought  iron, 
wedge-shaped  bar,  possibly  a  pick  fragment;  one  thick,  blue-tinted 
bottle  glass  body  fragment  with  no  mold  marks  and  many  small  air 
bubbles;  one  redware  rim  fragment  with  a  clear  lead-glazed 
interior,  unglazed  exterior;  one  unidentified  molded  iron  fragment; 
three  unidentified  strap  iron  fragments;  and  several  brick 
fragments. 

Test  Unit  6  was  excavated  on  top  of  the  tunnel,  at  the  east  portal 
end.  This  unit  was  excavated  to  expose  the  stone  liner  and 
determine  why  it  has  shifted.  A  representative  profile  was  taken 
at  the  base  of  the  excavation  unit  (Figure  10) .  Three  soil  strata 
were  exposed.   Stratum  A  was  a  lOYR  3/2  very  dark  grayish  brown 
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silty  loam  with  humus  and  roots.  Stratum  B  was  a  7 . 5YR  2/0  black 
silt,  very  light/loose  in  texture.  This  same  stratum  was  also 
found  in  Test  Units  2  and  3.  Stratum  C  was  a  lOYR  4/2  dark  grayish 
brown  silty  clay  with  sandstone  fragments.  This  stratum  was  also 
found  in  Test  Unit  4.   No  artifacts  were  observed  in  Test  Unit  6. 
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III.   INTERPRETATIONS  AND  RECOMMENDATIONS 


The  original  bedrock  floor  of  the  tunnel  was  reached  in  three  test 
units.  The  depths  of  the  floor  vary  from  2  to  3.5  below  present 
ground  surface.  The  type  of  bedrock  varied  from  siltstone  to 
sandstone  depending  upon  the  location  of  the  test  unit.  he 
historic  grade  of  the  Portage  Railroad  through  the  tunnel  can  be 
established  from  these  tests. 

The  48-inch  concrete  water  pipe  has  greatly  impacted  the  cultural 
resources  within  the  tunnel.  A  large  area  of  the  tunnel  floor  was 
removed  to  facilitate  the  installation  of  the  pipe.  This  has 
destroyed  almost  all  evidence  of  the  track.  Only  two  track- 
related  artifacts  were  recovered  during  archeological  monitoring, 
a  rail  chair  and  a  railroad  spike.  Neither  artifacts  was  found  in 
situ.  No  evidence  track  ballast,  sleepers  or  other  track-related 
features  was  seen.  The  installation  of  the  concrete  pipe  also 
destroyed  an  earlier  wooden  water  pipe  installed  by  Bethlehem 
Steel. 

There  is  no  archeological  evidence  of  the  type  of  track  used  in  the 
tunnel.  An  informant  has  stated  that  stone  sleepers  were  removed 
from  the  tunnel  in  the  1950s  by  local  residents  (David  Hessler, 
personal  communication,  August  22,  1990).  These  sleepers  were 
probably  pulled  during  the  installation  of  the  concrete  water  pipe 
and  stored  against  the  tunnel  walls.  It  seems  likely  that  the 
track  in  the  tunnel  was  laid  on  stone  sleepers  rather  than  on 
wooden  stringers. 

Only  small  areas  along  the  edges  of  the  tunnel  contain  deposits 
undisturbed  by  the  installation  of  the  concrete  water  pipe.  With 
the  exception  of  Stratum  F  in  Test  Unit  3,  these  strata  are  the 
result  of  rockfall  deposits. 

The  historic  deposits  found  outside  of  the  tunnel  in  Test  Unit  5 
are  significant.  Very  little  is  known  about  the  relationship 
between  Engine  House  1  and  the  tunnel.  The  brick  and  sand  stratum 
found  in  this  unit  appears  to  be  the  remains  of  a  brick  paving.  The 
area  between  the  engine  house  and  the  tunnel  was  probably  brick 
paved  to  form  a  solid  working  floor.  The  exact  location  of  some 
of  the  engine  house  walls  are  not  known.  Tracing  this  brick  and 
sand  stratum  west  should  lead  to  the  east  wall  of  the  engine  house. 

It  is  recommended  that,  if  possible.  Staple  Bend  Tunnel  should  be 
re-opened  and  interpreted  to  the  public.  The  tunnel,  as  part  of 
the  Allegheny  Portage  Railroad,  was  a  great  engineering  feat. 
Interpretation  of  the  tunnel's  architecture,  engineering  and 
geology  would  be  enhanced  if  visitors  could  walk  into  the  tunnel. 
Any  ground  disturbing  activities  that  will  occur  outside  of  the 
tunnel  may  have  an  impact  on  archeological  resources  that  would 
require  mitigation. 
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NATIONAL  BWK  SERVICE 


1916  - 1991 


TM 


As  the  nation's  principal  conservation  agency,  the  Department  of  the  Interior  has  responsibility  for 
most  of  our  nationally  owned  public  lands  and  natural  and  cultural  resources.  This  includes  fostering 
wise  use  of  our  land  and  water  resources,  protecting  our  fish  and  wildlife,  preserving  the  environmental 
and  cultural  values  of  our  national  parks  and  historical  places,  and  providing  for  the  enjoyment  of  life 
through  outdoor  recreation.  The  department  assesses  our  energy  and  mineral  resources  and  works 
to  ensure  that  their  development  is  in  the  best  interests  of  all  our  people.  The  department  also 
promotes  the  goals  of  the  Take  Pride  in  America  campaign  by  encouraging  stewardship  and  citizen 
responsibility  for  the  public  lands  and  promoting  citizen  participation  in  their  care.  The  department 
also  has  a  major  responsibility  for  American  Indian  reservation  communities  and  for  people  who  live 
in  island  territories  under  U.S.  administration. 
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